
CHAPTER 3 . S IT E INVESTIGATIONS 

In  tr oduc t ion 

Methods of inves t iga t ion  and t e s t i n g  of s o i l  condi t ions  along a channel 
system are discussed i n  t h i s  chapter .  The purposes of these  inves t iga-  
t i o n s  and t e s t i n g  a r e  t o  evaluate the  r e s i s t a n c e  of t h e  s o i l s  i n  the  
bed and banks of the  channel t o  e ros ion  forces,  t o  evaluate the  sediment 
t r anspor t  r e l a t i o n s h i p s ,  t o  determine slope s t a b i l i t y  agains t  sloughing 
and s l i d i n g ,  t o  est imate e a r t h  loads t h a t  may a c t  on s t r u c t u r a l  members, 
and t o  determine the  r a t e  of water movement through t h e  s o i l s .  

The procedures include i d e n t i f i c a t i o n ,  sampling, and t e s t i n g  o r  evalua- 
t i o n  of s t r a t i g r a p h i c  u n i t s  encountered i n  the  channel system t o  be 
modified and an  evaluat ion of the  sediment t ranspor t  c h a r a c t e r i s t i c s  
o f  the system. 

Inves t iga t ion  Requirements 

There a r e  condi t ions  s p e c i f i c  t o  inves t iga t ions  f o r  channel improve- 
ments tha t  cause them t o  d i f f e r  from inves t iga t ions  a t  o the r  types of 
cons t ruct ion  s i t e s .  One usua l ly  s i g n i f i c a n t  d i f f e rence  i s  t h a t  channels 
may extend f o r  many miles through a v a r i e t y  of ma te r i a l s .  This f a c t  
demands t h a t  d a t a  obtained from any one test hole must be c o r r e l a t e d  
on a s  knowledgeable a  b a s i s  a s  poss ib le  with data  obtained a t  the  next 
test hole ,  both upstream and downstream. A dis t inguishing f e a t u r e  of 
inves t iga t ions  f o r  channel improvements i s  t h a t  almost always they a r e  
located  i n  a l l u v i a l  mater ia l .  The s t a b i l i t y  of channels is a f fec ted  
by watershed condi t ions  upstream t h a t  con t ro l  the a v a i l a b i l i t y  of bed 
mate r i a l ,  and by groundwater  condi t ions  a t  the s i t e .  A s i m i l a r i t y  
wi th  foundation inves t iga t ions  f o r  o t h e r  s t r u c t u r e  s i t e s  e x i s t s  i n  
t h a t  the  in-place  c h a r a c t e r i s t i c s  of the s o i l  ma te r i a l s  a r e  very  
important i f  t hese  c h a r a c t e r i s t i c s  t h a t  p e r t a i n  t o  e r o d i b i l i t y  d i f f e r  
from those t h a t  e x i s t  when the ma te r i a l  is  d is turbed.  

The following sequence of work i s  needed t o  appropr ia te ly  recognize the  
condit ions s p e c i f i c  t o  inves t iga t ions  f o r  channe 1 improvements while 
ensuring t h a t  an adequate amount and type of da ta  a r e  obtained. 

1. Determine the  geomorphology of the  deposi t s  i n  which the  channel 
i s  t o  be located  t o  t h e  l i m i t  necessary f o r  t h i s  purpose. 

2. I d e n t i f y  s t r a t i g r a p h i c  u n i t s  along the  proposed channel route  
and t o  a  depth of a t  l e a s t  th ree  f e e t  below the inver t  o r  channel 
bottom e leva t ion  a s  proposed. A s t r a t i g r a p h i c  u n i t  i s  defined i n  
t h i s  ins tance  as  an i d e n t i f i a b l e  s tratum of alluvium o r  o t h e r  s o i l  
ma te r i a l  whose s u s c e p t i b i l i t y  t o  erosion i s  a r e f l e c t i o n  of t h e  
o r i g i n a l  ma te r i a l s ,  mode of accumulation and the  changes t h a t  have 
occurred s ince  deposi t ion  o r  s o i l  formation. 



3. Log s o i l s  w i th in  s t r a t i g r a p h i c  u n i t s  and c l a s s i f y  and sample f o r  eval-  
u a t i o n  o r  de te rmina t ion  of e r o d i b i l i t y  c h a r a c t e r i s t i c s .  

Geomorphology of Deposits 

S ign i f i cance  of t h e  S t r a t i g r a p h i c  Unit  

There are a number of f a c t o r s  which in f luence  t h e  e r o d i b i l i t y  o r  s t a b i l i t y  
of s o i l  ma te r i a l s .  E r o d i b i l i t y  and s t a b i l i t y  are explained i n  t h i s  contex t  
as responses of the s o i l s  t o  t h e  environment of channel boundaries,  Erosion 
r e s u l t s  from the  flow of water  a g a i n s t  t h e  boundary a s  expressed by mean 
v e l o c i t y ,  t r a c t i v e  fo rce ,  o r  a  combination of t hese  parameters such a s  
t r a c t i v e  power, t h e  product of mean v e l o c i t y  and t r a c t i v e  force .  I n s t a b i l i t y  
of s t ream banks o f t e n  r e s u l t s  from i n t e r n a l  seepage fo rces .  The s o i l ' s  
a b i l i t y  t o  resist e ros ion  is  a f f e c t e d  by t h e  k inds ,  amount, and cha rac t e r  
(d i spe r s ive  o r  aggregated) of c l ay ,  t h e  amount and s i z e  d i s t r i b u t i o n  of 
coarse p a r t i c l e s ,  and t h e  n a t u r e  and amount of cementing agents.  The term 
coherent  i s  used t o  d e s c r i b e  s o i l s  t h a t  resist e ros ion  a s  a mass because 
of bonding a c t i o n  of c l ay ,  cementing agen t s  o r  o t h e r  causes.  The c l ima te  
and age of  t h e  depos i t  s i n c e  l t s  accumulation have a  s t r o n g  bea r ing  on 
these  e r o d i b i l i t y  c h a r a c t e r i s t i c s .  There i s  an  almost i n f i n i t e  v a r i a t i o n  
t h a t  can occur  i n  each of t hese  f a c t o r s  and i n  t h e i r  i n f luence  on t h e  
o the r s .  Deposi ts  change wi th  geologic  ' t i m e .  Each change produces an 
express ion  of the dominant f a c t o r  and i n t e r f a c t o r  r e l a t i o n s h i p s  p e r s i s t i n g  
at t h a t  time. Thus, a  combination of f o r c e s  a c t i n g  on a  d e p o s i t  produce a 
l a y e r  of m a t e r i a l  i d e n t i f i a b l e  a s  a  s t r a t i g r a p h i c  u n i t .  Re la t ive  uniformity 
of l o c a t i o n  i n  an a l l u v i a l  p r o f i l e ,  uniformity of appearance, and e r o d i b i l i t y ;  
a r e  a r e s u l t  of a  s i m i l a r i t y  i n  source of m a t e r i a l s ,  t he  h i s t o r y  of 
depos i t i on ,  and t h e  weathering c h a r a c t e r i s t i a s  a s soc i a t ed  wi th  the  a reas .  
In  time, wi th  c e r t a i n  except ions ,  weathering,  consol ida t ion ,  cementation, 
accumulation of humus o r  o t h e r  i n f luences  inc reases  t h e  s i g n i f i c a n c e  of 
s t r u c t u r e  on e r o d i b i l i t y .  By t h e  same token t h e  s i g n i f i c a n c e  of l o c a l  
v a r i a t i o n s  i n  t e x t u r e  i s  diminished. 

The d e l i n e a t i o n  of s t r a t i g r a p h i c  u n i t s  s i m p l i f i e s  t h e  f i e l d  i n v e s t i g a t i o n s  
i n  t h a t  t h e  u n i t s  may extend f o r  d i s t ances  t h a t  can inc lude  t h e  e n t i r e  
rou te  of channels t o  be  improved. The i r  th ickness  and depth below t h e  
s u r f a c e  may be  r e l a t i v e l y  uniform and c o n s i s t e n t ,  providing a  means f o r  
c o r r e l a t i o n  and r e p r e s e n t a t i v e  sampling. A t  t he  o t h e r  extreme, a l l u v i a l  
fan depos i t i on  can r e s u l t  i n  a  heterogeneous mixture of sand, s i l t  and 
g rave l  where c o r r e l a t i o n  of i n d i v i d u a l  beds may be n o t  only impossible  
b u t  n o t  p a r t i c u l a r l y  u se fu l .  



I d e n t i f i c a t i o n  of S t r a t i g r a p h i c  Uni t s  

The o r i g i n  of the  def ined  s t r a t i g r a p h i c  u n i t s  as alluvium d i c t a t e s  t h a t  
c e r t a i n  r e l a t i o n s h i p s  e x i s t e d  between t h e  d e p o s i t s  and the  car ry ing  
capac i ty  of  t he  stream a t  t he  time. Fu r the r ,  t h e  r e l a t i o n s h i p s  t h a t  
e x i s t  today a r e  n o t  n e c e s s a r i l y  t h e  same as a t  t h e  time t h e  sediment was 
deposi ted.  For example, dur ing  po r t ions  of  t h e  P l e i s tocene ,  runoff and 
sediment t r a n s p o r t  were on an apprec iab ly  l a r g e r  s c a l e  than  a t  present .  

The primary i d e n t i f y i n g  c h a r a c t e r i s t i c s  of a s t r a t i g r a p h i c  u n i t  a r e :  
c o l o r ,  t h i ckness ,  g r a i n  s i z e  d i s t r i b u t i o n ,  t e x t u r e ,  s t r u c t u r e ,  p l a s t i c i t y ,  
consis tency,  dens i ty ,  d i s p e r s i v e  c h a r a c t e r i s t i c s  and cementation. 
S l i g h t  v a r i a t i o n s  t h a t  may occur  do no t  n e c e s s a r i l y  s i g n i f y  the  presence 
of a new s t r a t i g r a p h i c  u n i t ,  p a r t i c u l a r l y  i f  t he  d e p o s i t s  a r e  conform- 
a b l e  wi th  u n i t s  above and below t h e  one be ing  descr ibed .  

The l o c a t i o n  of s t r a t i g r a p h i c  u n i t s  a r e a l l y  w i t h i n  t h e  a l l u v i a l  v a l l e y  
i s  as important as t h e i r  p o s i t i o n  and i d e n t i f i c a t i o n  w i t h i n  t h e  v e r t i c a l  
p r o f i l e .  Because most a l l u v i a l  channels meander about w i th in  a r e l a -  
t i v e l y  s h o r t  geologic  time per iod ,  i t  i s  probable t h a t  s t r a t i g r a p h i c  
u n i t s  i n  a v a l l e y  confined by s i d e  s lopes  w i l l  be  at about t he  same 
e l e v a t i o n  ac ros s  t h e  va l l ey .  This r e q u i r e s  f i e l d  checking be fo re  
assuming a uniform valley-wide d i s t r i b u t i o n  of s t r a t i g r a p h i c  u n i t s  
e x i s t s  . 
Geomorphic His tory  a s  a Determinant of Erosion Res is tance  

The h i s t o r y  of t h e  s t r a t i g r a p h i c  u n i t  from t h e  moment of depos i t i on  
determines i t s  e ros ion  r e s i s t a n c e .  The g r a i n  s i z e  d i s t r i b u t i o n  and 
t e x t u r e  of t he  depos i t  is  i n i t i a l l y  t h e  most important  c h a r a c t e r i s t i c  
and i t  may remain s o  i f  t h e  environment fol lowing depos i t i on  is no t  
conducive t o  modi f ica t ions  tending t o  change t h e  arrangement o r  bonding 
of p a r t i c l e s .  These modi f ica t ions  can be  produced by one o r  a number 
of pos t  d e p o s i t i o n a l  changes such as t h e  movement downward of  p a r t i c l e s  
from the  ove r ly ing  depos i t s ,  by weathering,  by conso l ida t ion  o r  chemical 
a c t i o n  t h a t  i nc reases  o r  decreases  t h e  bond between p a r t i c l e s .  

The r e s u l t  of t h i s  geomorphic h i s t o r y  is  t h a t  t h e  s t r a t i g r a p h i c  u n i t  
responds i n  c h a r a c t e r i s t i c  manner t o  t h e  h y d r a u l i c  fo rces  t h a t  may b e  
exer ted  aga ins t  i t s  exposed p r o f i l e .  The u n i t  may remain as i n d i v i d u a l  
p a r t i c l e s  f r e e  of any bond wi th  ad j acen t  ones,  o r  i t  may resist as a 
mass due t o  coherence between p a r t i c l e s .  The bond between p a r t i c l e s  
t h a t  may b e  r e f l e c t i v e  of  a long h i s t o r y  i n  a p a r t i c u l a r  environment 
may be destroyed when the  p r o f i l e  is d i s tu rbed .  



The fo l lowing  is an example of t h e  d e p o s i t i o n a l  and environmental i n f l u -  
ences t h a t  can a f f e c t  t h e  e r o s i o n  r e s i s t a n c e  of a  s t r a t i g r a p h i c  u n i t .  
A sequence of s t r a t i g r a p h i c  u n i t s  may i n d i c a t e  t h a t  i n  t h i s  i n s t ance  they 
a r e  a l l u v i a l  depos i t s  c o n s i s t i n g  of (1) l i g h t  co lored ,  f i n e l y  s t r a t i f i e d  
noncoherent s i l t  and f i n e  sand about  two f e e t  t h i ck .  Below t h i s  u n i t  t he re  
is (2) a compact dark gray clayey sil t  hor izon  s e v e r a l  f e e t  i n  th ickness .  
Then t h e r e  i s  (3)  a l a y e r  of  g rave l  i n  a mat r ix  of  compact brown s i l t y  
c lay  t h a t  starts a f o o t  above t h e  s t ream bed i n  t he  exposed banks and 
extends below t h e  streambed and the  proposed i n v e r t  grade t o  unknown depths.  

The reasons f o r  a  uniqueness i n  c h a r a c t e r  of s t r a t i g r a p h i c  u n i t s  w i t h i n  
a p r o f i l e  a r e  s e v e r a l  fo ld .  Taking t h e  p r o f i l e  c i t e d  above as an example, 
t h e  number 1 s t r a t i g r a p h i c  u n i t  of t h i s  hypo the t i ca l  p r o f i l e  is  an aucumu- 
l a t i o n  of r ecen t  sediment. S o i l  forming processes  have no t  had time t o  
modify t h e  sediment 's c h a r a c t e r i s t i c s  over  t h a t  cont r ibu ted  by t h e  t e x t u r e  
and g r a i n  s i z e  d i s t r i b u t i o n  of t h e  t r anspor t ed  sediment and i t s  mode of 
depos i t ion .  The bulk of u n i t  2  accumulated e i t h e r  as a mixture o f ,  o r  
dominantly- of,  l a t e r a l  accumulation as t h e  s t ream meandered o r  v e r t i c a l  
accumulation dur ing  overbank flooding. The developed s o i l  i n  t h i s  u n i t  
i n d i c a t e s  a fol lowing per iod  r e l a t i v e l y  f r e e  of depos i t i on  o r  e ros ion .  
Time was a v a i l a b l e  f o r  l i m i t e d  weathering of t h e  sediment,  and f o r  humus 
t o  accumulate. The g rave l  l a y e r  i d e n t i f i e d  as u n i t  3,was depos i ted  a t  a  
time of r e l a t i v e l y  h igh  v e l o c i t y  flow. The h igh  d ischarges  t h a t  brought 
down t h e  g rave l  could have formed a braided wash t h a t  extended from one 
s i d e  of t h e  v a l l e y  t o  t h e  o the r .  During flows of  lower v e l o c i t i e s  f i n e  
sediment w a s  depos i ted  and migrated i n t o  t h e  grave ls .  With age and 
weathering of c l ay  forming m a t e r i a l s  t h i s  s t r a t i g r a p h i c  u n i t ,  wi th  i t s  
c h a r a c t e r i s t i c  e r o s i o n  r e s i s t a n c e  p r o p e r t i e s ,  evolved. 

The sediment source ,  t e x t u r e ,  and mode of depos i t i on  of  u n i t s  1 and 2 
could be  very  s i m i l a r ,  y e t  t h e i r  appearance inc luding  co lo r ,  degree of 
conso l ida t ion ,  and e ros ion  c h a r a c t e r i s t i c s  can b e  q u i t e  d i f f e r e n t .  These 
d i f f e r e n c e s  c r ea t ed  by changes occurr ing  s i n c e  depos i t i on  can vary widely 
depending upon the  i n t e r a c t i o n  of t h e  average annual c l i m a t i c  environment: 
humid o r  a r i d ,  cold o r  ho t .  The c l imate  fo l lowing  depos i t i on  can c r e a t e  
a wide change i n  e ros ion  c h a r a c t e r i s t i c s  f o r  d i f f e r e n t  reasons.  I n  a 
humid hot c l imate ,  t e x t u r a l  changes can occur by weathering of c l a y  form- 
i n g  minera ls ,  l eaching  of  s o l u b l e  salts,  carbonates ,  e t c .  o r  by movement 
of f i n e  c lay-s ize  p a r t i c l e s  from the  upper t o  t h e  lower p r o f i l e s .  Struc-  
t u r a l  changes can be caused by a l t e r n a t e  we t t i ng  and dry ing ,  and consequent 
swe l l i ng  and shr inking ,  as w e l l  as by growth and decay of vege ta t ion .  

. . 

I n  an  a r e a  a f f e c t e d  by a  permanently h igh  water  t a b l e ,  l i t t l e  o r  no post- 
d e p o s i t i o n a l  changes i n  t h e  d e p o s i t s  may occur.  This  i s  e s p e c i a l l y  t h e  
case  when t h e r e  is  l i t t l e  oxygen i n  water  i n  which t h e  s t r a t i g r a p h i c  
u n i t  i s  submerged. The reason  f o r  t h i s  i s  t h a t  ox ida t ion  e s s e n t i a l  -to 



t h e  weathering process  has  been prevented o r  re ta rded .  Reduction of 
i r o n ,  r e s u l t i n g  i n  gray ish ,  g reenish ,  o r  b l u i s h  c o l o r a t i o n ,  however, 
can occur. Thus sediment which may g ive  t h e  appearance of being 
r ecen t  i n  o r i g i n  could have been depos i ted  a t  about t h e  same t i m e  as 
a nearby u n i t  w i th  a p r o f i l e  conta in ing  morphological evidence sugges- 
t i v e  t h a t  i t  has  been i n  p lace  f o r  a long per iod  of time. 

Accumulations of o r  cementation by s i l i c a  o r  carbonates ,  o r  bo th ,  can 
ohange the  s t r u c t u r e  and e ros ion  r e s i s t a n c e  of t h e  sediments wi thout  
changing the  engineer ing  c l a s s i f i c a t i o n  m a t e r i a l l y  because the  cementing 
m a t e r i a l  may n o t  no t i ceab ly  add t o  t h e  f i n e r  s o i l  cons t i t uen t s .  

The junc t ion  w i t h  t r i b u t a r i e s  can change t h e  uni formi ty  of main s t ream 
s t r a t i g r a p h i c  u n i t s ,  depending upon whether t h e  t r i b u t a r y  has been o r  
i s  a  s i g n i f i c a n t  con t r ibu to r  of sediment,  The type of sediment deposi- 
t i o n  may be so  s i m l l a r  t o  t h e  main v a l l e y  depos i t s  t h a t  i n t e r f i n g e r i n g  
o r  mixing r e s u l t s  i n  an accumulation t h a t  is no t  s e p a r a t e l y  d i s t i n g i s h -  
ab l e .  T r ibu ta ry  depos i t s  could a l s o  b e  q u i t e  d i f f e r e n t  e i t h e r  i n  age, 
c o l o r ,  t e x t u r e  o r  a l l  three .  

Figure 3-1 i l l u s t r a t e s  a geomorphic s e t t i n g  and r e l a t e d  s t r a t i g r a p h i c  
u n i t s  t h a t  would be  p e r t i n e n t  t o  proposed channel improvements on a  
s t ream and some of i t s  t r i b u t a r i e s .  Unit  1 c o n s i s t s  of  r e c e n t  main 
stream d e p o s i t s  and u n i t  2 of r e c e n t  depos i t s  from the  i d e n t i f i e d  t r i b u -  
t a r i e s .  These d e p o s i t s  c o n s t i t u t e  a replacement of o l d e r  alluvium t h a t  
w a s  eroded dur ing  a lowering of  base l e v e l  i n  t i m e s  p a s t .  Unit  3 
c o n s i s t s  of o l d  alluvium which has  undergone ag ing  and t h e  development 
of a p r o f i l e .  Uni t  4 is a s t i l l  o l d e r  bur ied  p r o f i l e  and u n i t  5 i s  an 
o l d  s t ream t e r r a c e  remnant. 

D i s c o n t i n u i t i e s  i n  A l l u v i a l  S t r a t i g r a p h i c  Uni t s  

D i s c o n t i n u i t i e s  a r e  h e r e  def ined  as breaks  i n  s t r a t i g r a p h i c  u n i t s  t h a t  
were o r i g i n a l l y  continuous. Such breaks ,  narrow o r  wide, can have a  
bea r ing  on t h e  s t a b i l i t y  of  an improved channel  s i n c e  t h e  d e p o s i t  may be 
rep laced  by more o r  less e r o d i b l e  ma te r i a l .  D i s c o n t i n u i t i e s  can occur  
i n  a number of ways. One example i s  i l l u s t r a t e d  by Figure 3-1 where 
f i n e  grained coherent  s o i l s  developed a t  a h ighe r  base l e v e l  than e x i s t s  
today. A lowering of t h i s  base l e v e l ,  c r ea t ed  by a  lowering o f  t h e  
nearby s e a  l e v e l  e l e v a t i o n ,  caused downcutting of t h e  main s t ream and 
then  i t s  t r i b u t a r i e s .  A subsequent r a i s e  i n  base  l e v e l  induced rep lace-  
ment by more r ecen t  sediments t h a t  are e rod ib l e .  

D i s c o n t i n u i t i e s  s i m i l a r  t o  t he  above descr ibed  type  can occur without  
changes i n  base  l e v e l .  For example, a t r i b u t a r y  producing a  d i f f e r e n t  
type  of sediment than  t h e  main stream can determine t h e  c h a r a c t e r i s t i c s  
of  t h e  depos i t  on t h e  main f loodp la in  i n  t h e  v i c i n i t y  of t h a t  t r i b u t a r y .  



Occasionally t h e  charac ter  of c e r t a i n  s t r a t i g r a p h i c  un i t s  d i f f e r s  widely 
from the  type normally expected f o r  a  p a r t i c u l a r  environment. For 
example, the  occurrence of a  very dark,  highly coherent u n i t  i n  a  semi- 
a r i d  environment near t h e  sea  coas t .  I n  known instances where these 
d i s p a r i t i e s  occurred, t h i s  coherent u n i t  was in te rp re ted  t o  have accumu- 
l a t e d  during a  r i s e  i n  sea  l eve l .  Fine sediment deposi t ion i n  an embay- 
ment followed by the  growth of marsh vegeta t ion  was probably the  o r i g i n  
of t h i s  s t r a t i g r a p h i c  u n i t .  

Another example of seeming d i s p a r i t y  i s  the  presence of an old f a n  of 
g rave l ly  deposi t s  encroaching on a v a l l e y  bu t  lacking a  watershed of a  
s i z e  and geology capable of furnishing t h e s e  mater ia ls .  Inspection of 
geologic maps ind ica tes  t h a t  the  g rave l ly  f an  deposi t s  accumulated p r i o r  
t o  s tream piracy which t r ans fe r red  most of t h e  watershed and a l s o  the  
source of coarse sediment t o  another  drainage system. 

S t ra t ig raph ic  Units Without In te rna l  Continuity 

I n  c e r t a i n  geomorphic environments, the  sediment deposited v a r i e s  widely 
i n  texture  wi th in  a s h o r t  d is tance .  I f  the re  i s  any u n i t  i d e n t i f i c a t i o n ,  
i t  i s  t o  the e f f e c t  t h a t  t h e r e  is a  range i n  p a r t i c l e  s i z e s  from s i l t  t o  
g rave l ,  a11 noncoherent, except f o r  possibly some lens cementation. Such 
deposi t s  a re  extens ive  i n  a r i d ,  semiarid and g lac ia ted  regions where i n  a  
network of i l l -de f ined  channels,  the deposi t s  were reworked during flood 
flows. V a r i a b i l i t y  on a  smaller  s c a l e  may occur i n  humid c l imates  where 
deposi t s  accumulated during braided flows, but weathering and other  f ac to r s  
con t r ibu t ing  t o  development of coherent s o i l  may be inh ib i t ed  by such 
environmental f a c t o r s  a s  a  high water t a b l e .  I n  a r i d  or  semiarid c l imates ,  
ca l i che  by cementation can provide a  r e s i s t a n t  s t r a t i g r a p h i c  u n i t  i n  an 
otherwise noncoherent a l l u v i a l  deposi t .  

I n  t h e  ins tances  c i t e d  above, the  absence of cont inui ty ,  a s  well  a s  the 
lack of coherence, should be es t ab l i shed  i n  the  inves t iga t ions  s t age  
preliminary t o  sampling. Then procedures t o  e s t a b l i s h  con t inu i ty  can be 
modified . 

Conducting the  S i t e  Inves t iga t ion  

Data Requirements and Observations Preliminary t o  S i t e  Inves t iga t ions  

A longi tudinal  p r o f i l e  of the  channel reaches t o  be improved, with survey 
s t a t i o n i n g  and p r o f i l e s  of t h e  ex i s t ing  and proposed channel i n v e r t  and 
t o p  of bank i s  needed. A p r o f i l e  of the  top of one bank is  usua l ly  suf-  
f i c i e n t  i n  a l l u v i a l  va l l eys  where the  f lood-pla in  surface  i s  about the  
same on both s i d e s  of the channel. I n  addi t ion ,  a  f lood-plain map is  
needed t h a t  shows the  e x i s t i n g  channel, the  proposed channel,  and the  
survey base l i n e .  The loca t ion  of t e s t  s i t e s  and o ther  pe r t inen t  geo- 
l o g i c  f ea tu res  are  t o  be shown on the  map. 



\ Truncated p r o f i l e ,  probably due 
t o  overland scour. 

Unit 1 - Recent depos i t s ,  principal  stream 

Unit 2 - Recent depos i t s ,  tributary 

Unit 3 - Buried s o i l  p r o f i l e  

Unit 4 - Buried, developed s o i l  p r o f i l e  

Unit 5 - Terrace depos i t s  

Unit 6 - Bedrock or res idual  s o i l  

Figure 3-1- STRATIGRAPHIC UNITS RELATED TO CHANNEL IMPROVEMENTS 
ALONG A STREAM AND ITS TRIBUTARIES (SIMPLIFIED) 





Guidance on the  e r o d i b i l i t y  of s o i l s  i n  a proposed channel improvement 
may be obtained by observation of e x i s t i n g  channel performance. However, 
the re  should be a good general  understanding of how flows w i l l  d i f f e r  
a f t e r  p ro jec t  i n s t a l l a t i o n  from what i s  c h a r a c t e r i s t i c  under present  
condit ions,  t h a t  i s ,  the  change i n  grade, i f  any, the  r e l a t i v e  change 
i n  peak flows f o r  frequent a s  w e l l  as  infrequent  events,  and the r e l a t i v e  
change i n  dura t ion of flows a s  w e l l  a s  frequency of bankful l  flows. 
Observations on present  s t a b i l i t y  a r e  re levant  i f  minor changes i n  flow 
c h a r a c t e r i s t i c s  a r e  t o  be made. Such observations a r e  subs tan t i a l ly  less 
re levant  i f  major a l t e r a t i o n s  i n  channelized flow a r e  t o  r e s u l t .  These 
a l t e r a t i o n s  could consist  of on-site changes such as s t ra igh ten ing  and 
enlargement, o r  o f f - s i t e  changes such as  upstream reservoirs  t h a t  reduce 
the  peak but  s u b s t a n t i a l l y  increase  the  dura t ion of flows. For one 
example, an e x i s t i n g  meandering channel is so  small t h a t  overbank 
flooding may occur annually o r  more frequently.  A proposed real igned 
and enlarged channel t o  be b u i l t  t o  carry  the  t en  percent  event w i l l  
cause a s u b s t a n t i a l  increase i n  hydraulic stresses. The f a c t  that 
e x i s t i n g  stream banks a re  s t a b l e  is  not i n  i t s e l f  supporting evidence 
t h a t  bank s t a b i l i t y  can be expe&ed following construction.  Then too,  
a major change i n  the  r a t e  of bed mate r i a l  load t r anspor t ,  i f  such load 
is present ,  can occur as  a r e s u l t  of increased channel flow. While a 
general knowledge of changes i n  flow charac te r i s  t i c s  with p ro jec t  
i n s t a l l e d  w i l l  s u f f i c e  ea r ly  i n  t h e  f i e l d  inves t iga t ions ,  s p e c i f i c  
information w i l l  be needed i n  evaluat ing the  erosion res i s t ance  of s o i l s  
following sampling and laboratory analysis .  

Bank sloughing o r  s l i d i n g  may be a problem independent of changing dis-  
charge c h a r a c t e r i s t i c s  and needs t o  be i d e n t i f i e d .  Fine sands, silts 
and some clays a re  suscept ib le  to  sloughing o r  s l i p s  under a range of 
moisture conditions. Sl id ing o r  sloughing may r e s u l t  from a rapid 
decl ine  i n  water s t age  leaving a s t eep  seepage gradient  within the  bank. 
The bank may s l i d e  o r  slough because of being undermined by erosion at 
the  toe  o r  by excavation below the  water table .  Underground flow from 
t r iburax ies  o r  spr ings ,  excessive r a i n f a l l ,  o r  over- i r r iga t ion can 
provide a source of ground-wa&r flow which may r e s u l t  i n  bank s l i d i n g  
o r  sloughing. The locat ion of any seeps o r  spr ings  with reference t o  
such problems should be iden t i f i ed .  

Reconnaissance of S i t e  f o r  Channel Improvements 

The i n i t i a l  f i e l d  s tud ies  phase of s i t e  inves t iga t ions  should include 
inspect ion of the  s o i l s  t o  and below the  proposed channel i n v e r t  l e v e l  
t o  i n t e r p r e t  the geomorphology and t o  i d e n t i f y  s t r a t i g r a p h i c  un i t s .  It 
is of primary importance t o  determine what s t r a t i g r a p h i c  u n i t s  e x i s t  and 
t h e i r  r e la t ionsh ip  one to  another. This knowledge should be used t o  
determine whether the  same u n i t s  occur a t  other randomly picked locat ions  



based on t h e i r  appearance and l i t h o l o g y .  Decis ions on sampling sites,  
u n i t s  t o  b e  sampled, and types  of  samples t o  b e  obtained must await  
t h e i r  approximate d e l i n e a t i o n  through the  reach t o  be improved. S o i l  
surveys a longra  proposed channel alignment can be  use fu l  i n  organiz ing  
t h e  i n v e s t i g a t i o n  and i d e n t i f y i n g  s t r a t i g r a p h i c  u n i t s .  It should b e  
borne i n  mind t h a t  s o i l  survey informat ion  i s  l i m i t e d  t o  a depth of 
about 5 f e e t  and i s  f r equen t ly  no t  r e f l e c t i v e  of s t r a t i g r a h p i c  u n i t s  
a t  g r e a t e r  depth . 
The i n s p e c t i o n  of t he  a l l u v i a l  s o i l  p r o f i l e  may be  achieved by one o r  
a combination of s e v e r a l  means, Exposures along t h e  banks of s t reams 
o f f e r  a f r equen t ly  a v a i l a b l e  means of s tudy.  This  has  the  advantage 
of enabl ing  observa t ion  of in-place c h a r a c t e r i s t i c s  as w e l l  a s  r e l a t i n g  
these  c h a r a c t e r i s t i c s  t o  e r o s i o n  from stream flow o r  bank s t a b i l i t y  from 
seepage fo rces .  Bank s t a b i l i t y  may be  due t o  p r o t e c t i o n  by vege ta t ion ,  
o r  an i r r e g u l a r  alignment which i n c r e a s e s  t h e  roughness and thereby 
reduces t h e  v e l o c i t y  o r  o the r  reasons. 

From t h e  s t andpo in t  of bank s t a b i l i t y  from seepage fo rces ,  t h e  e x i s t i n g  
channel could have s u f f i c i e n t  vege ta t ion ,  a p r o t e c t i n g  coa t ing  of f i n e  
sediment,  o r  a ground-water l e v e l  which has adapted t o  t h e  channel depth 
over  t i m e .  New excavat ion  could cause problems which do n o t  p re sen t ly  
e x i s t .  Information gained from i n s p e c t i o n  of s t ream banks and bottom 
must be supplemented by bor ings  o r  test p i t s  when exposures along t h e  
banks do n o t  provide s u f f i c i e n t  information on the  in-place charac te r -  
i s t i c s  of t he  depos i t s .  

j 

Exposed banks a r e  o f t e n  d i s tu rbed ,  des icca ted  o r  cracked and e x h i b i t  a 
d i f f e r e n t  s e t  of p r o p e r t i e s  than  t h e  p ro t ec t ed  ma te r i a l s  a long  t h e  
proposed c u t  and grade l ines .  

The p l ace  of observa t ion  along the  channel is i d e n t i f i e d  on t h e  p r o f i l e .  
Observat ion po in t s  i n  a d d i t i o n  t o  those  along the  channel alignment w i l l  
u sua l ly  be  requi red  i n  o rde r  t o  i n t e r p r e t  t h e  s t r a t i g r a p h y  and con t inu i ty  
of t he  v a l l e y  depos i t s .  The t e n t a t i v e  upper and lower s u r f a c e s  of s t r a t i -  
graphic u n i t s  a r e  determined and recorded on the  p r o f i l e .  Each u n i t  i s  
t o  be numbered and geomorphically c l a s s i f i e d .  For example, u n i t  1 i s  a 
r ecen t  sediment depos i t  ove r ly ing  u n i t  2 ,  a bur ied  s o i l  p r o f i l e .  F i e l d  
no te s  and logs  should desc r ibe  t h e  appearance and condi t ion ,  inc luding  
co lo r ,  g r a i n  s i z e ,  t e x t u r e ,  s t r u c t u r e ,  moisture,  e t c .  of each u n i t  i n  
accordance wi th  ASTM D-2488. Geomorphic terms a r e  t o  be  used i n  cor- 
r e l a t i n g  between observa t ion  po in t s .  I d e n t i f i c a t i o n  as a s t r a t i g r a p h i c  
u n i t  is r equ i r ed  i n  add i t i on  t o  t h e  s p e c i f i c  c h a r a c t e r i s t i c s  t h a t  can 
be descr ibed.  



The t e n t a t i v e  p o s i t i o n  of s t r a t i g r a p h i c  u n i t s  w i t h i n  t h e  p r o f i l e  and 
t h e i r  e x t e n t  a long  t h e  channel alignment should form t h e  b a s i s  f o r  
s e l e c t i n g  s o i l s  i n v e s t i g a t i o n  sites. The u n i t  d e l i n e a t i o n  must b e  
informat ive  enough t o  i n d i c a t e  t h e  l o c a t i o n  of  sites requi red  t o  
provide adequate d a t a  i n  t h e  d e t a i l e d  i n v e s t i g a t i o n .  

Determining t h e  I n t e n s i t y  of I n v e s t i g a t i o n s  

Four f a c t o r s  c o n t r o l  t he  i n t e n s i t y  of needed s i te  i n v e s t i g a t i o n s :  (1) 
des ign  requirements t h a t  may be  independent o r  p a r t i a l l y  independent 
of  t he  s o i l  m a t e r i a l s  i n  t he  s tudy  reach;  (2) hazard t o  l i f e  o r  
proper ty  i n  t h e  event  of f a i l u r e  o r  p a r t i a l  f a i l u r e ;  (3)  complexity 
of  t h e  geomorphology i n  t he  s i t e  a r e a ;  and (4) p o s s i b l e  e f f e c t s  on 
q u a l i t y  of environment. 

Concerning des ign  requirements ,  f o r  example, r e s t r i c t i p n s  i n  a v a i l a b i l i t y  
of rights-of-way and capac i ty  f o r  each e a r t h  channel may d i c t a t e  t h a t  
t h e  channel be  a l i n e d  one, i r r e s p e c t i v e  o f - t h e  k ind  of ma te r i a l s  i n  
t h e  reach involved.  I n  t h i s  i n s t a n c e  t h e  i n v e s t i g a t i o n s  need only 
o b t a i n  the  i n £  ormat i o n  t h a t  may a f f e c t  cons t ruc t ion  such as c l a s s i f i -  
c a t i o n  of m a t e r i a l s  t o  i n v e r t  grade, l o c a t i o n  of t h e  water  t a b l e  and 
of seeps  o r  sp r ings .  The presence of rock outcrops ,  l a y e r s  of ha rd  
c a l i c h e ,  e t c .  s t o u l d  be  c a r e f u l l y  i d e n t i f i e d  by l o c a t i o n  and 
d e s c r i p t i o n .  

Where the  wa te r  t a b l e  is above proposed i n v e r t  grade,  i t s  e l e v a t i o n  
should be  i d e n t i f i e d  i n  t h e  logs  of  t e s t  h o l e s  o r  p i t s .  I f  t he  wa te r  
t a b l e  f l u c t u a t e s  from season t o  season s o  t h a t  i n  one p a r t  of t h e  y e a r  
i t s  e l e v a t i o n  is below i n v e r t  grade,  t h e  average t i m e  per iod  t h i s  
occurs  and t h e  d a t e s  of occurrence should be  es t imated ,  A high water  
t a b l e  may i n t e r f  e r e  s u b s t a n t i a l l y  wi th  cons t ruc t ion  o r  a f  f e c t  t he  
s t a b i l i t y  of  a n  e a r t h  channel a f t e r  excavat ion.  I f  drop s t r u c t u r e s  
o r  o t h e r  i n s t a l l a t i o n s  r e q u i r i n g  d a t a  on bea r ing  s t r e n g t h  a r e  be ing  
considered,  i n v e s t i g a t i o n s  should be  made i n  accord w i t h  recommendations 
i n  NEN, Sec t ion  8, Engineering Geology. 

Channels l oca t ed  i n  urban o r  i n t e n s i v e l y  developed a g r i c u l t u r a l  a r e a s  
d i f f e r  widely i n  damage p o t e n t i a l  i f  a f a i l u r e  occurs  than do channels 
i n  r u r a l  a r eas .  In an urban a rea ,  t h e  channel is  usua l ly  designed t o  
r e t a i n  t he  one percent  event  w i t h  even minor e ros ion  gene ra l ly  n o t  
t o l e r a b l e .  I n  both i n s t a n c e s ,  t h e  e r o s i o n  c h a r a c t e r i s t i c s  of t h e  bed 
and bank m a t e r i a l s  must be i d e n t i f i e d  by procedures which inc lude  
s t r a t i g r a p h i c  u n i t  d e l i n e a t i o n  and r e p r e s e n t a t i v e  sampling and t e s t i n g .  
S t r a t i g r a p h i c  u n i t s  must be  more thoroughly de l inea t ed  and v a r i a t i o n s  
w i t h i n  the  u n i t s  more c lose ly  i d e n t i f i e d  by sampling and t e s t i n g  i n  
i n t e n s i v e l y  developed a reas  than  i n  a g r i c u l t u r a l  a r eas .  



Complexity i n  t he  geomorphology of  t h e  s i t e  has  a  s t r o n g  bea r ing  on a l l  
phases of  t h e  inves t iga t ion .  Contraa t i n g  l e v e l s  of complexity may 
inc lude  on t h e  one hand a  geomorphology a s  simple as one having a s i n g l e  
s t r a t i g r a p h i c  u n i t  un in te r rupted  by d i s c o n t i n u i t i e s ,  o r  maybe t h i n  beds 
of sand o r  g rave l  t h a t  l a c k  con t inu i ty  and can be t r e a t e d  as one h ighly  
v a r i a b l e  u n i t ,  t o  another  t h a t  c o n s i s t s  of a  number of  overlapping u n i t s  
f r equen t ly  broken by d i s c o n t i n u i t i e s  o r  disappearances from one reach t o  
t he  next .  I n  a l l  i n s t a n c e s ,  i nc lud ing  those wi th  t h e  most complex a r r a y  
of s t r a t i g r a p h i c  u n i t s ,  an  understanding is  needed of t he  sedimentat ion 
processes  and geologic  h i s t o r y  f a c i l i t a t e s  c o r r e l a t i o n  and d e l i n e a t i o n  
of u n i t s ,  l oca t ions  of d i s c o n t i n u i t i e s ,  e t c .  

The presence of d i s p e r s i v e  c l ay  s o i l s  a long proposed channel alignment 
w i l l  have an e f f e c t  on t h e  i n t e n s i t y  of i n v e s t i g a t i o n .  

Dispers ive  c l ay  s o i l s  o f t e n  occur i n  l e n s e s ,  s p o t s  and discont inuous 
s t r a t a .  I n  o r d e r  t o  t e n t a t i v e l y  i d e n t i f y  d i s p e r s i o n  problems, i t  w i l l  
be  necessary  t o  check each s t r a t i g r a p h i c  u n i t  a t  each t e s t  ho le  s i t e  f o r  
d i s p e r s i v e  c lays  by means of t h e  f i e l d  "crumb" t e s t  performed on m a t e r i a l  
a t  n a t u r a l  moisture.  I f  f i e l d  t e s t s  i n d i c a t e  poss ib l e  d i s p e r s i o n  
problems, suf  f i e i e n t  ho le s  and samples should be e s t a b l i s h e d  t o  d e l i n e a t e  
the problem areas  o r  depths.  

Locat ion of S i t e s  f o r  Sampling and Logging 

The l o c a t i o n  of p i t  o r  d r i l l  ho l e  s i t e s  i s  based on t h e  t e n t a t i v e  del inea-  
t i o n  of s t r a t i g r a p h i c  u n i t s .  There is  a two-fold purpose i n  s e l e c t i o n  of i 

these  sites. One purpose is t o  o b t a i n  r e p r e s e n t a t i v e  samples, t h e  o the r  
is t o  "prove out" t he  t e n t a t i v e l y  i d e n t i f i e d  s t r a t i g r a p h i c  u n i t s  shown on 
t h e  p r o f i l e .  I f  t h e  l ogs  a t  one t e s t  s i t e  f a i l  t o  c o r r e l a t e  wi th  those  
at t h e  s i t e  next  upstream o r  downstream, then  another  s i t e  should b e  
chosen between them, a t  least f o r  t h e  purpose of co r r ec t ing  the  p r o f i l e  
i f  n o t  f o r  a d d i t i o n a l  sampling. 

For long reaches where con t inu i ty  of s t r a t i g r a p h i c  u n i t s  has  been es tab-  
l i s h e d ,  i t  i s  best: t o  sample widely from any one s t r a t i g r a p h i c  u n i t  r a t h e r  
than concent ra te  i n  a  smal l  p a r t  of t h e  t o t a l  reach. This  w i l l  improve 
t h e  p o s s i b i l i t i e s  f o r  d i sce rn ing  v a r i a t i o n s  w i t h i n  t h e  un i t .  

The u s u a l  l o c a t i o n  f o r  test ho le  s i t e s  is on top of t he  bank nea r  t o  b u t  
no t  n e c e s s a r i l y  immediately ad jacent  t o  t h e  stream. The prel iminary 
geomorphic determinat ions should i n d i c a t e  whether s i t e s  on both  s i d e s  of 
t he  channel  must be  inves t iga t ed ,  



I n  t h e  process  of i n v e s t i g a t i o n ,  t h e  geo log i s t  should bea r  i n  mind t h a t  
one p a r t  of a  s t ream bank may be more s u b j e c t  t o  e r o s i o n  than another  
due t o  d i f f e r e n c e s  i n  t he  hydrau l i c  s t r e s s e s  t h a t  a r e  exer ted  by t h e  ' 

flow. These s t r e s s e s  a r e  g r e a t e s t  on the  bed, on the  o u t s i d e  of bends, 
and along the  t o e  of the  banks. Grea ter  emphasis i n  logging,  sampling 
and t e s t i n g  should be  used i n  searching  f o r  and i d e n t i f y i n g  by thick-  
ness  and l o c a t i o n  any e a s i l y  e r o d i b l e  s t r a t i g r a p h i c  u n i t s  from midbank 
t o  t h e  i n v e r t  l e v e l  of  t he  proposed channel. A bank is  only as 
r e s i s t a n t  as i ts  weakest segment, p a r t i c u l a r l y  i f  t h i s  segment is low 
i n  t h e  bank. 

Determining t h e  Sample Types t o  be  Obtained 

P r i o r  t o  t h e  d e t a i l e d  i n v e s t i g a t i o n s ,  t h e  geo log i s t  and engineer  have 
made a  t e n t a t i v e  dec i s ion  as t o  whether d a t a  from undisturbed and 
d i s tu rbed  samples a r e  t o  be  obta ined  and t h e  b e s t  means f o r  ob ta in ing  
them. Each s t r a t i g r a p h i c  u n i t  observed i n  an undisturbed condi t ion  is  
eva lua ted  be fo re  t h e  dec i s ion  i s  made a s  t o  t h e  type of sampling t o  be 
done. It i s  a good r u l e  t o  ob ta in  undisturbed samples when i n  doubt 
as t o  whether t h e  u n i t  is c h a r a c t e r i s t i c a l l y  composed of d i s c r e t e  
p a r t i c l e s  o r  of aggregates  t h a t  would r e s i s t  e ros ion  as a mass. The 
e f f e c t s  of  t h e  environment on sediment,  once i t  has  accumulated, is  
d iscussed  i n  t h e  s e c t i o n  on t h e  geomorphology of  a l l u v i a l  depos i t s .  
The in-place behavior  of materials t h a t  resist e r o s i o n  as a coherent  
mass cannot be  determined by t e s t i n g  d i s tu rbed  samples. Hence, 
undisturbed sample ana lys i s  is  c r i t i c a l l y  important  i f  t h e  in-place 
depos i t s  d i f f e r  i n  e r o d i b i l i t y  from t h a t  of t h e  i n d i v i d u a l  p a r t i c l e s .  
The Unif ied S o i l  C l a s s i f i c a t i o n  System and s i m i l a r  systems do no t  
i d e n t i f y  e ros ion  c h a r a c t e r i s t i c s  of  an undisturbed coherent s o i l  mass 
except  t h a t  s o i l s  wi th  a  h igh  p l a s t i c i t y  index (P.I.) a r e  u sua l ly  more 
r e s i s t a n t  t o  e r o s i o n  than noncoherent s o i l s .  Some undisturbed s o i l s  
wi th  a  low P.I. a r e  about as r e s i s t a n t  t o  e r o s i o n  as those  wi th  h igh  
P.I., and under c e r t a i n  condi t ions ,  m a t e r i a l  w i th  a h igh  P. I .  can be  
as e r o d i b l e  as one wi th  a  low P .I. such as s o i l s  t h a t  a r e  h ighly  
d i spe r s ive .  Another such condi t ion  e x i s t s  when t h e  s o i l  mass i s  
weakened by a  f i n e  network of f r a c t u r e s  such as t h a t  which may be  
caused by expansive c lays .  The f r a c t u r e s  may o r  may n o t  be f i l l e d  
wi th  d i s s i m i l a r  material, The above would have t o  be determined by 
appropr i a t e  tests and observa t ions .  

Carefu l  s e l e c t i o n  of i n v e s t i g a t i o n  t o o l s  and procedures f o r  i n v e s t i -  
ga t ions  a r e  necessary  t o  o b t a i n  samples and l o g s  of  t h e  n a t u r a l ,  undis- 
tu rbed  in-place ma te r i a l s .  Augers, excavat ion  equipment and many 
l abo ra to ry  procedures d i s t u r b  the s o i l s  and provide d a t a  which r e s u l t  
i n  erroneous i n t e r p r e t a t i o n s  of in-place p r o p e r t i e s ,  



S e l e c t i o n  of Equipment f o r  Logging; and Sampling 

The f r equen t ly  l i m i t e d  depth requi red  i n  f i e l d  i n v e s t i g a t i o n s  f o r  channel 
improvements and t h e  advantages a f forded  by in-place examination of t h e  
a l l u v i a l  p r o f i l e  i n d i c a t e s  t h a t  a t  l e a s t  a  framework of  p i t  excavat ions 
i s  des i r ab l e .  Safe ty  precaut ions  must be  r i g i d l y  mak ta ined .  The back- 
hoe i s  t h e  p r e f e r r e d  equipment f o r  such excavat ions.  Once in-place 
p r o f i l e s  can be  examined and sampled above w a t e r  t a b l e s ,  t h e  p i t s  can be  
supplemented by d r i l l  ho les  below water  t a b l e s .  L imi ta t ions  of p i t s  
inc lude  t h e  p o s s i b i l i t i e s  t h a t  t h e  depth of sampling requi red  exceeds the  
c a p a b i l i t i e s  of a v a i l a b l e  equipment, t h a t  a h igh  water  t a b l e  would r e s t r i c t  
o r  prevent  i n v e s t i g a t i o n s  below t h a t  l e v e l ,  and t h a t  access  i s  sometimes 
l imi t ed  f o r  phys i ca l  reasons o r  proper ty  owner ob jec t ions .  The advantages 
of d r i l l i n g  equipment a r e  no depth o r  ground-water l i m i t a t i o n s ,  in-place 
t e s t i n g  wi th  l e s s  s i t e  d i s tu rbance ,  and g r e a t e r  s a f e t y .  For guidance i n  
maintaining s a f e  working cond i t i ons ,  r e f e r  t o  t h e  s a f e t y  manual f o r  
geologic  i n v e s t i g a t i o n s .  L ight  weight d r i l l i n g  equipment mounted on 
t r a c k  v e h i c l e s  may provide a means of c o l l e c t i n g  d i s tu rbed  and undis- 
turbed samples from a reas  t h a t  a r e  not  a c c e s s i b l e  t o  heavy d r i l l  r i g s .  

Sampling equipment i s  descr ibed  i n  NEH, Sec t ion  8,  Chapter 2. I n  i n s t ances  
where d r i l l i n g  equipment is  used,  push tube  sampling of  r e l a t i v e l y  s o f t  
f ine-gra ined  s o i l s  o r  Denison core b a r r e l  sampling of hard f ine-gra ined  
s o i l s  a r e  recommended. S p e c i a l  equipment has  been devised f o r  undisturbed 
sampling of s o i l s  i n  i n v e s t i g a t i o n s  f o r  channel improvements where p i t s  
o r  s t ream banks a r e  the  sampling sites. Figure 3-2 i s  a drawing of t h e  
sampling t o o l  which is  designed f o r  placement on a s h e l f  dug i n  t he  s i d e  , 
or bottom of a p i t  o r  bank. It is b u i l t  t o  o b t a i n  more than one sample 
from t h e  same setup.  The thin-walled b r a s s  tubes used should be  at 
least two inches  and p re fe rab ly  l a r g e r  i n  diameter by f i v e  o r  s i x  inches 
i n  length .  This s i z e  is  usua l ly  s u f f i c i e n t  f o r  shear  s t r e n g t h  t e s t s .  
Dupl ica tes  from the  same s t r a tum must be obta ined  i n  t h e  event  one i s  
damaged i n  sh ipping  o r  handl ing.  Following t e s t s  i n  an undisturbed 
cond i t i on ,  t he  same m a t e r i a l  i s  used f o r  c l a s s i f i c a t i o n ,  o r  an a d d i t i o n a l  
sample of t h e  d is turbed  s o i l  can be obtained.  The sample o r  samples a r e  
judged t o  be  undisturbed i f  t h e  s o i l  column on t h e  i n s i d e  of t he  tube and 
on the  ou t s ide  a r e  both  l e v e l  wi th  t h e  upper edge. A tendency f o r  
compaction t o  occur  i n  a tough, dry  s o i l  because of t h e  f r i c t i o n a l  
r e s i s t a n c e  can be reduced by pre-wetting t h e  i n s i d e  of  the  tube wi th  water  
o r  a  s m a l l  amount of a  l i g h t  l u b r i c a n t .  On completion of sampling, t h e  
tubes a r e  sea led .  It is e s s e n t i a l  t h a t  t he  undisturbed samples do n o t  
become des icca ted .  

The c u t t i n g  of cubes o r  o t h e r  block shapes f o r  l abo ra to ry  t e s t i n g  i s  
another  means of ob ta in ing  undisturbed samples. It may, i n  f a c t ,  be 
necessary t o  o b t a i n  such samples i f  o t h e r  equipment compacts o r  otherwise 







t d i s tu rbs  t h e  s o i l .  While t h i s  sampling procedure i s  usual ly  much more 

t i m e  consuming than push tube methods, i t  genera l ly  r e s u l t s  i n  a much 
b e t t e r  sample. The presence of coarse sand o r  gravel  i n  the  s o i l  can 
render the  push tube o r  d r i l l  hole  sampling equipment unsui table  f o r  
use i n  obta in ing undisturbed samples. Exposures i n  stream banks or  
p i t s  sometimes e x h i b i t  pockets of fine-grained matr ix  f r e e  of the  
coarse p a r t i c l e s .  These pockets f requent ly  contain t h e  same mate r i a l  
and the  same eros ion res i s t ance  p roper t i e s  a s  the  matrix i n  an i n t i -  
mate mixture of coarse and f i n e  p a r t i c l e s .  Sampling and t e s t i n g  of 
t h i s  f ine-grained matrix can provide i n £  ormation on the  eros ion 
res i s t ance  of the  mass. Careful evaluat ion  i s  necessary t o  insure  
the  a p p l i c a b i l i t y  of such data.  

Channel improvements may include t h e  cons t ruct ion  of dikes o r  embank- 
ments t o  p ro tec t  adjacent  lands from overflow o r  t o  increase  the  
r e s i s t a n c e  of  n a t u r a l  mater ia ls  by compaction. The sample needs f o r  
these cons t ruct ion  purposes as w e l l  as f o r  foundations f o r  a l l  s t ruc-  
t u r e s  should be discussed with the  engineer  p r i o r  t o  the  d e t a i l e d  s i t e  
inves t iga t ions .  The amounts of d is turbed samples needed f o r  various 
tests and s i z e s  of  ma te r i a l  a r e  described i n  Tables 3-3 and 3-4 .  
Packaging and shipping i n s t r u c t i o n s  a r e  given i n  NEH, Sect ion 8, 
Chapter 3 ,  pages 10 and 11. 

Test  Hole Logs 

Logs of t e s t  holes  should contain necessary information t o  ensure t h a t  
the  s t r a t i g r a p h i c  u n i t s  a r e  i d e n t i f i e d  and t h e i r  c h a r a c t e r i s t i c s ,  
depth of occurrence i n  the  hole  and thickness a r e  recorded. I f  a 
s t r a t i g r a p h i c  u n i t  i d e n t i f i e d  i n  the  adjacent  test hole  f a i l s  t o  
appear i n  t h i s  one, t h i s  information should be noted. Figure 3-3 
is a suggested f i e l d  worksheet f o r  logging and sampling a t  t e s t  hole  
s i t e s .  

Generally bedrock w i l l  no t  be d r i l l e d  during inves t iga t ions .  Descrip- 
t i o n s  of bedrock c h a r a c t e r i s t i c s  a r e  t o  be  provided f o r  the  engineer 's  
use. These descr ip t ions  must be thorough, complete and accurate. 

Determination of the  Ava i l ab i l i ty  of Movable Bed Mater ia l  

The a v a i l a b i l i t y  of movable bed mate r i a l ,  s p e c i f i c a l l y  sand and gravel ,  
must be determined i n  order  t o  evaluate  i t s  impact on the s t a b i l i t y  of 
t h e  improved channel. The most apparent source of supply i s  deposi t s  
t h a t  may have accumulated i n  the  bed of t h e  stream wi th in  and above 
the  reach t o  be  improved. Whether o r  not t h e  bed-material supply is 
a t h r e a t  t o  t h e  operat ion o r  reasonable maintenance of the  improved 



channel depends on severa l  f ac to r s .  These include the  amount and ease  
of t ranspor t  of the  mater ia l  and t h e  d i f ference  i n  hydraulic character- 
i s t i c s  between the  reach t o  be improved and t h e  reach upstream t h a t  
contains the  bed material .  The re la t ionsh ip  between bed mater ia l  avail-  
a b i l i t y  and channel s t a b i l i t y  is  discussed i n  NEH, Section 3, Chapter 4,  
Transportation of Sediment by Water, pages 4-36 and 4-37. 

The channel inves t igat ion should include an est imate of the volume of 
bed mate r i a l  avai lable  i n  the  bed of the stream and where the  deposit  
is  located with reference t o  the  proposed improvement. I f  the  bottom of 
the  deposi t  cannot be reached, t h i s  should be indicated i n  the notes. 
Representative samples of the  bed mater ia l  a r e  t o  be obtained. The 
amount required f o r  various gradations of mater ia l  i s  given i n  Table 3-2, 
NEH, Section 8, Chapter 3.  A sample of the  surface armor should be 
obtained, i f  present ,  as  wel l  as  a sample of the  underlying f i n e r  
accumulation. 

For ana lys i s  of s t a b i l i t y ,  the  geologist  is  expected t o  define whether 
discharges c r i t i c a l  f o r  s t a b i l i t y  should be defined as "c lear  water" o r  
sediment laden flows. I n  most ins tances ,  the  wash load w i l l  not  be of 
s u f f i c i e n t  concentration t o  c l a s s i f y  the flows a s  o the r  than "c lea r  water", 
An examination of suspended load records on a regional  bas i s  w i l l  provide 
good clues a s  to  the l ike l ihood of s i g n i f i c a n t  concentrations. A knowl- 
edge of the watershed w i l l  a l so  serve t o  ind ica te  t h e  extent  of c r i t i c a l  
erosion. Reservoirs w i l l  reduce concimtrations t o  r e l a t i v e l y  low leve l s .  

The influence of bed mater ia l  on the s t a b i l i t y  of channels i s  discussed 
i n  NEH, Section 3 ,  Chapter 4 ,  pages 4-25 t o  4-28. 

Where bedrock is  t o  be removed from the  channel, the  p o t e n t i a l  e f f e c t s  
on stream banks and bed both upstream and downstream must be considered. 
Where rock is  t o  be removed from a channel ' sec t ion,  i t s  disposal  must be 
planned. Alternative d isposal  methods may include wasting i n  a pre- 
se lec ted  area ,  use i n  channel construction ( r ip rap ,  f i l t e r s ) ,  salvage,  
erc .  Local highway agencies a r e  of ten  valuable sources of information 
concerning rock qua l i ty  and ease of removal. 

S i t e  Inves t igat ion Reports 

Completion of the  Strat igraphic-Unit  ,P ro f i l e s  

The f i r s t  s t e p  i n  preparat ion of s i t e  inves t iga t ion  repor t s  i s  t o  com- 
p l e t e  the  longi tudinal  p r o f i l e  and desc r ip t ion  of s t r a t i g r a p h i c  u n i t s  
i n  the channel reach t o  be improved. A s  s t a t e d  on page 3-11, t h i s  i s  
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STRATIGRAPHIC UNIT NO. 1 

Descript ion:  A recent deposit o f  dry, firm, homogeneous, l i g h t  brow s i l t  (ML), low i n  organic 

matter. The deposit breaks down easilw i n t o  discrete particZes and is iden t i f i ed  i n  the  f i e ld  

as noncohezwnt. !Phis i s  the same stratigraphic uni t  as a t  investigation s i t e  7 ,  from 0-3.5 ft. 

STRATIGRAPHIC UNIT NO. 3 

Description: A dark grey, moist, firm, homogeneous s i l t y  clay (CL) reZativeZy free of jointing, 

roots or other factors that  may a f f e c t  erosion. The u n i t  i s  iden t i f i ed  i n  the f i e l d  as coherent. 

Contains ge 2 low mottling indicative o f  poor drainage conditions. This s tratigraphic wit 

(3.0 t o  8.0 S t , )  was iden t i f i ed  betueen 3.5 and 7.5 ft. a t  s i t e  7. Water table a t  7.5 f t .  

STRATIGWHIC UNIT NO. 

Descript ion:  w 
I 
c., 
\O 

Figure 3-3 





t o  be  developed i n  t e n t a t i v e  form dur ing  t h e  pre l iminary  i n v e s t i g a t i o n  
of  t he  s i t e .  With t h e  b e n e f i t  o f  t he  a d d i t i o n a l  information obtained 
dur ing  logging and sampling, t h e  o r i g i n a l  p r o f i l e  i s  t o  be  r e f ined  t o  
inc lude  more p r e c i s e  informat ion  on t h e  e x t e n t ,  th ickness  and p o s i t i o n  
i n  t h e  p r o f i l e  of s t r a t i g r a p h i c  u n i t s .  The survey s t a t i o n i n g ,  bank 
l i n e ,  and proposed i n v e r t  l e v e l  a r e  t o  be  p l o t t e d ,  a s  a r e  t h e  l o c a t i o n s  
and logs  of  p i t s  o r  d r i l l  ho les .  The upper and lower e l e v a t i o n s  of 
s t r a t i g r a p h i c  u n i t s  w i l l  be  shown at t h e  app ropr i a t e  s t a t i o n  s i t e .  
When the  c o r r e l a t i o n  of u n i t s  between p i t  o r  d r i l l  ho l e  s i t e s  has  been 
determined, c o r r e l a t i o n  l i n e s  a r e  drawn a s  shown on Figure 3-4.  I n  
t h i s  example, i t  is implied t h a t  c o r r e l a t i o n  between t e s t  ho le  s i t e s  
has  been f a c i l i t a t e d  by exposures i n  s t ream banks. Addi t iona l  test 
ho le s  would be  requi red  where such exposures are n o t  a v a i l a b l e .  

The "U" on the  r i g h t  of t he  p r o f i l e  t e s t  ho le  l o c a t i o n  i n d i c a t e s  t h a t  
an  undisturbed sample w a s  obtained.  A d i s tu rbed  sample may o r  may no t  
be  obtained a t  t h e  same s i t e  depending upon whether enough m a t e r i a l  i s  
a v a i l a b l e  i n  t h e  undisturbed sample- for  c l a s s i f i c a t i o n .  The i n v e s t i -  
g a t o r s  have i d e n t i f i e d  t h i s  s t r a t i g r a p h i c  u n i t  as c o n s i s t i n g  of s o i l  
which would resist e r o s i o n  a s  a m a s s  r a t h e r  than  as d i s c r e t e  p a r t i c l e s .  
The "D" i n d i c a t e s  t h a t  a  d i s tu rbed  sample has  been obtained.  The 
i n v e s t i g a t o r s  have made a  f i e l d  de te rmina t ion  t h a t  t h e  u n i t  is non- 
coherent and t h a t  e ros ion  c h a r a c t e r i s t i c s  are dependent on the  ind i -  
v i d u a l  p a r t i c l e  c h a r a c t e r i s t i c s .  The s t r a t i g r a p h i c  u n i t  d e l i n e a t i o n s  
on Figure 3-4 a r e  no t  dependent on t h e  ind ica t ed  i n v e s t i g a t i o n  s i t e s  
alone b u t  i nc lude  de termina t ions  from observa t ions  along s t ream banks 
and from hand borings.  When t h e  test d a t a  have been obta ined ,  r e s u l t s  
p e r t i n e n t  t o  t h e  e ros ion  o r  s t a b i l i t y  c h a r a c t e r i s t i c s  may be shown o r  
l i s t e d  on a t t a c h e d  r e p o r t  s h e e t s  wi th  t h e  d a t a  c l e a r l y  i d e n t i f i e d  wi th  
the  app ropr i a t e  u n i t s .  Ground water ,  i f  encountered, should be shown 
a t  each of t h e  i n v e s t i g a t i o n  r e s t  ho le  l oca t ions .  

The l o n g i t u d i n a l  p r o f i l e  wi th  s t r a t i g r a p h i c  u n i t  i n t e r p r e t a t i o n s  is  
p r imar i ly  f o r  purposes of s t a b i l i t y  e v a l u a t i o n ,  and wi thout  i t  t h e  
des igner  does n o t  know t h a t  i n t e r p r e t a t i o n s  of s o i l  c h a r a c t e r i s t i c s  
have been made between i n v e s t i g a t i o n  s i t e s .  

The logs  of test p i t s  o r  d r i l l  ho l e s  and t h e  p lan  map showing the  
l o c a t i o n  of t hese  i n v e s t i g a t i o n  s i t e s  should accompany t h e  p r o f i l e s  a s  
suppor t ing  and supplemental in format ion  and a  copy w i l l  be  placed i n  
t h e  des ign  f o l i o .  

The geologic  p r o f i l e  and p lan  map should show t h e  l o c a t i o n s  and t h e  
e x t e n t  of outcropping bedrock. They should a l s o  show i t s  v e r i f i e d  o r  
es t imated  depth below t h e  p re sen t  streambed and i t s  r e l a t i o n  t o  t h e  
proposed channel i n v e r t .  E x i s t i n g  e ros ion  o r  depos i t i on  f e a t u r e s  
a s soc i a t ed  w i t h  t h e  outcrop ( e i t h e r  up o r  down stream) should a l s o  be 
shown. 



Analysis  of Channel S t a b i l i t y  

With t h e  lc&itudinal  p r o f i l e s ,  l ogs  and l abo ra to ry  t e s t  d a t a  a v a i l a b l e ,  
t h e  geo log i s t  and engineer  a r e  i n  a p o s i t i o n  t o  make an a n a l y s i s  of t he  
s t a b i l i t y  of t h e  proposed channel improvement. I n  add i t i on ,  information 
i s  needed on the  design d ischarge  i f  bed-material  load is n o t  involved 
a s  a problem, and t h e  hydrographs f o r  design a s  w e l l  a s  more f requent  
d i scharges  i f  bed-material  load has  been determined a s  a problem. Chapter 
6 of t h i s  Technical  Release o r  des igna ted  supplements a r e  t o  be used f o r  
determining t h e  s t a b i l i t y  of channels t h a t  a r e  no t  a f f e c t e d  by bed 
m a t e r i a l  t r anspor t .  NEH, Sec t ion  3 ,  Chapter 4 ,  i s  t o  be  used f o r  t he  
a n a l y s i s  of bed-material  t r a n s p o r t  t h a t  may a f f e c t  channel s t a b i l i t y .  

Report Out l ine  and Documentation 

The l-ongitudinal p r o f i l e ,  the p lan  view, l ogs ,  f i e l d  and l abo ra to ry  t e s t  
r e s u l t s ,  and s t a b i l i t y  a n a l y s i s  a r e  t o  form t h e  documentation f o r  a b r i e f  
r e p o r t  based upon the  fol lowing o u t l i n e .  Geologists  and engineers  a r e  
both involved i n  an a n a l y s i s  of  t hese  problems. They should work c l o s e l y  
toge the r  i n  t h e  de te rmina t ions  and r e p o r t  p repara t ion .  

A. Conclusions and Recommendations 

B . Descr ip t ion  of t h e  geomorphology of t he  channel improvement 
a r e  a 

Basis f o r  s t r a t i g r a p h i c  u n i t  d e l i n e a t i o n  wi th  r e f e rence  t o  
l o n g i t u d i n a l  p r o f i l e s  ox reasons f o r  l a c k  of s t r a t i g r a p h i c  
u n i t  de l inea t ion .  

C. Copies of logs  and test d a t a  

D. C r i t e r i a  used t o  e s t a b l i s h  s t a b i l i t y  

1. Condition of flaw t o  be used i n  s t a b i l i t y  a n a l y s i s :  c l e a r  
o r  sediment-laden water .  Basis f o r  c r i t e r i a  used. 

2. Bed m a t e r i a l  eva lua t ion  procedure used among those  recom- 
mended i n  NEH, Sec t ion  3 ,  Chapter 4. 

E. S t a b i l i t y  a n a l y s i s  

1. S t a b i l i t y  under proposed a s -bu i l t  condi t ions  







a. Locat ion of p ro j ec t ed  uns t ab le  reaches ,  i f  unprotected;  
bed and/or  banks by s t a t i o n i n g .  

(1) Eleva t ion  of u n i t  o r  u n i t s  wi th  re ference  t o  i n v e r t  
l e v e l .  

(2) Cause of p red ic t ed  cond i t i ons ,  such as t r a c t i v e  
stress o r  v e l o c i t y  i n  excess  of a l lowable o r  
i n t e r n a l  seepage forces .  

b. Discuss unique condi t ions  n o t  f i t t i n g  i n t o  the  
assumptions made i n  Technical  Release 25. 

2. Bed m a t e r i a l  sediment problems i f  t hese  in f luence  s t a b i l i t y  
of  proposed channel improvements. 

3.  E f f e c t  of  program i n s t a l l a t i o n s ,  such a s  f loodwater ,  f lood- 
wa te r  de t en t ion  o r  mult ipurpose s t r u c t u r e s ,  d e b r i s  bas ins  
and grade con t ro l  s t r u c t u r e s  on downstream reaches.  

Evalua t ion  i n  t he  Construct ion Stage 

Unexpected d i s c o n t i n u i t i e s  o r  unaccounted v a r i a t i o n s  i n  s o i l  charac te r -  
i s t i c s  a f f e c t i n g  s t a b i l i t y  may be  revea led  dur ing  excavat ions  f o r  improve- 
ments. I t  should be  s tandard  procedure f o r  t h e  g e o l o g i s t ,  design 
engineer  and s o i l s  engineer  t o  examine the  channel during o r  immediately 
a f t e r  excavat ion.  With t h e  p r o f i l e s  a t  hand, t h e  geo log i s t  should make any 
p e r t i n e n t  adjustments i n  u n i t  d e l i n e a t i o n  and i n t e r p r e t a t i o n s  over  those  
prepared dur ing  t h e  design i n v e s t i g a t i o n s .  Any s i g n i f i c a n t  a l t e r a t i o n s  
p e r t a i n i n g  t o  s t a b i l i t y  should be  immediately c a l l e d  t o  t h e  a t t e n t i o n  
of  t h e  p r o j e c t  and cons t ruc t ion  engineers .  

T e s t i n g  

Purposes of Tes t ing  

The purposes of t e s t i n g  s o i l s  from channel p r o j e c t s  a r e  four fo ld :  

1. To develop design va lues  and c o r r e l a t i o n  between p r o p e r t i e s  of f ine-  
grained s o i l s  and f i e l d  eva lua t ion  and c l a s s i f i c a t i o n  of e r o s i o n a l  
a c t i v i t y  i n  cons t ruc ted  o r  n a t u r a l  channels now i n  use. 

2. To provide va lues  f o r  use i n  t h e  design of s t a b l e  channels i n  grave ls  
and coarse  sands from t h e  s tandpoin t  of  e r o s i o n a l  a c t i v i t y .  



3. To provide va lues  f o r  the  design of channel banks from the  s tandpoin t  
of s h e a r  s t r e n g t h  and s l i d i n g .  

4. To eva lua t e  e a r t h  loads  on s t r u c t u r a l  members. 

T e s t  Procedures 

Tes t s  may be conducted i n  t h e  f i e l d  and/or  i n  t h e  labora tory .  Tes t ing  
procedures should conform t o  s tandards  of t he  American Socie ty  f o r  
Tes t ing  Mate r i a l s  (ASTM) o r  American Assoc ia t ion  of S t a t e  Highway 
O f f i c i a l s  (AASHO). 

Types of Tes t s  

Two c a t e g o r i e s  of t e s t s  a r e  presented---primary t e s t s  and supplement- 
a ry  tests. Primary t e s t s  a r e  those t h a t  provide va lues  t h a t  may be 
used d i r e c t l y  (1) t o  eva lua t e  e r o s i o n  by e i t h e r  t h e  t r a c t i v e  f o r c e ,  
l i m i t i n g  v e l o c i t y ,  o r  t r a c t i v e  power procedures d iscussed  i n  Chapter 6 ,  
o r  (2) t o  analyze bank s lope  s t a b i l i t y  problems d iscussed  i n  Chapter 6. 
Supplementary t e s t s  a r e  those  t h a t  w i l l  provide suppor t ing  o r  i n d i c a t o r  
information t h a t  may be of a s s i s t a n c e  i n  eva lua t ing  e r o s i o n a l  r e s i s t a n c e  
and bank s t a b i l i t y .  These l a t t e r  t e s t s  may be made a t  l o c a l  op t ion;  
r e s u l t s  from these  t e s t s  a r e  n o t  needed t o  use t h e  design c r i t e r i a  s e t  
f o r t h  i n  t h i s  Guide, b u t  they  may provide va luable  c lues  t o  t h e  des igner .  

Index and engineering p r o p e r t i e s  t e s t s  a r e  l i s t e d  i n  Table 3-1 f o r  ero- 
s i o n a l  analyses  and i n  Table 3-2 f o r  bank s t a b i l i t y  analyses .  F i e l d  
tests t h a t  may be used where condi t ions  warran t  a r e  d iscussed  i n  NEH, 
Sect ion  8 ,  Chapter 1. 

C l a s s i f i c a t i o n .  - - S o i l s  should be f u l l y  descr ibed and c l a s s i f i e d  
according t o  t h e  Unif ied S o i l  C l a s s i f i c a t i o n  System (ASTM D-2488). 

P a r t i c l e  s i z e  d i s t r i b u t i o n .  - - A mechanical a n a l y s i s  should be made on 
s e l e c t e d  samples r ep re sen t ing  s o i l s  t h a t  a r e  o r  may be exposed t o  ero- 
s i o n a l  fo rces  i n  channel bottoms and banks t o  determine the  d i s t r i b u t i o n  
of p a r t i c l e  s i z e s .  The coarse  f r a c t i o n  should be analyzed us ing  the  
fol lowing U. S. Standard Sieves a s  t h e  minimum number of s i z e  separa- 
t i o n s :  No. 200, 140, 40, 20,  10 ,  4 and 3/811, 3/4", 1 1/211, and 3". 
Other s i z e  s epa ra t ions  may be introduced i f  considered necessary.  The 
f i n e  f r a c t i o n  should be  analyzed us ing  t h e  s tandard  hydrometer t e s t s .  
Resul t s  should be repor ted  on t h e  b a s i s  of t o t a l  ma te r i a l .  

S o i l  cons is tency  tests. - - The l i q u i d  l i m i t ,  p l a s t i c  l i m i t ,  and 
p l a s t i c i t y  index should b e  determined f o r  a l l  s o i l s ,  except  c lean  sands 
and g rave l s ,  i n  order  t o  d i f f e r e n t i a t e  between ma te r i a l s  of apprec iab le  
p l a s t i c i t y  and s l i g h t l y  p l a s t i c  o r  non-p las t ic  ma te r i a l s .  



Table 3-1 

Eros iona l  Analyses 

A. Index Tes t s  

1. C l a s s i f i c a t i o n  - 11 

a. Mechanical ana lys i s  

b. Liquid l i m i t  

c. P l a s t i c  l i m i t  
P l a s t i c i t y  index 

2 .  Dispersion 

a. F i e ld  tests t o  i d e n t i f y  poss ib l e  problem a reas  

b. Lab t e s t s  f o r  s o i l s  w i th  more than  15% > ,005 mm and 
f o r  a P.I. >8 

3. Soluble  salts 

4 Natura l  dry  u n i t  weight 

B. Engineering P r o p e r t i e s  Tes ts  - 21 

1. Permeabi l i ty  

2.  Shear s t r e n g t h  

a. Unconfined compression 3/ 

b. Vane shea r  

11 For t r a c t i v e  f o r c e ,  l i m i t i n g  v e l o c i t y  o r  t r a c t i v e  power - 
procedures.  

21 These tests may be  made a t  l o c a l  op t ion .  Resu l t s  w i l l  provide - 
suppor t ing  information which may assist i n  eva lua t ing  e r o s i o n a l  
s t a b i l i t y .  

31 For t r a c t i v e  power procedure only.  - 



Table 3-2 

Bank Slope S t a b i l i t y  Analyses 

A. Index T e s t s  

1. C l a s s i f i c a t i o n  

a. Mechanical a n a l y s i s  

b. L iquid  l i m i t  
P l a s t i c i t y  index 

c. P l a s t i c  l i m i t  

2. S p e c i f i c  g r a v i t y  

a. P a r t i c l e s  sma l l e r  than  No. 4 s i e v e  

b. P a r t i c l e s  l a r g e r  than  No. 4 s i e v e  

3.  Natura l  dry  u n i t  weight and n a t u r a l  moisture content  

4. Compaction 

B. Engineering P r o p e r t i e s  T e s t s  

1. Shear 

a. Unconfined Compression 

b. D i rec t  

c .  T r i a x i a l  

d. Vane 

2. Permeabi l i ty  

C. Other T e s t s  1 1  

1. Dispersion 

2. Soluble  salts 

3 .  Linear  shr inkage 

1 These tests may be made at l o c a l  op t ion .  Resu l t s  w i l l  provide - 
suppor t ing  information which may a s s i s t  i n  eva lua t ing  bank 
s t a b i l i t y .  



S p e c i f i c  gravi ty .  - - When s o i l s  a t e  composed of p a r t i c l e s  having 95 
percent  o r  more (by dry  weight) smal ler  than the  No. 4 s i eve  (4.76 
m.) and when compaction o r  shear  tests a r e  requi red ,  s p e c i f i c  g rav i ty  
t e s t s  should be performed on the  minus No. 4 f r a c t i o n .  

When s o i l s  contain f i v e  percent o r  more (by dry weight) of hard par- 
t i c l e s  l a r g e r  than the  No. 4 s i eve  and when compaction o r  shear  t e s t s  
a r e  required,  absorption and bulk s p e c i f i c  g rav i ty  ( sa tu ra ted ,  s u r f  ace 
dry) t e s t s  should be performed on the  coarse ma te r i a l s  a s  wel l  as on 
the  f r a c t i o n  smaller than the  No. 4 s ieve:  

Results  of s p e c i f i c  g rav i ty  t e s t s  a r e  needed f o r  computation of poros- 
i t y ,  void r a t i o ,  and associa ted  air-water-sol id r e l a t ionsh ips  ; a l s o  
r e s u l t s  a r e  needed f o r  adjustment of moisture-density r e l a t ionsh ips  
f o r  compacted mate r i a l s  having f i v e  percent  o r  more l a r g e r  than the  
No. 4 s i eve  (by dry weight).  

Strength considerat ions.  - - Some measure of i n t e r - p a r t i c l e  a t t r a c t i o n  
may prove h e l p f u l  i n  evaluat ing  e ros iona l  s t a b i l i t y  of channels on 
t h e  b a s i s  of the  t r a c t i v e  force theory. Although shear  s t r eng th  
obtained by var ious  tests has been used by some i n v e s t i g a t o r s ,  i t  
may not  be a t r u e  ind ica to r  of i n t e r - p a r t i c l e  a t t r a c t i o n ,  

S t rength  values f o r  use i n  s lope  s t a b i l i t y  analyses of banks should 
be  governed by s i te  condit ions and t h e  method of ana lys i s  t o  be used. 
Therefore, some l a t i t u d e  is  needed by the  engineer  i n  the  s e l e c t i o n  
of appropr ia te  tests t o  be performed a t  a  given s i t e  f o r  determination 
of shear  s t r e n g t h  parameters. 

Unconfined compression t e s t .  This t e s t  i s  commonly ca l l ed  a qu 
t e s t  and may be performed on s a t u r a t e d ,  undisturbed specimens. 
The test may be made f o r  two purposes: (1) t o  ob ta in  unconfined 
compressive s t r eng th  values for use i n  es t imat ing  e ros iona l  
s t a b i l i t y  (by the  t r a c t i v e  power method) of those s o i l s  i n  which 
individual  p a r t i c l e s  cohere under n a t u r a l  f i e l d  condit ions,  and 
(2)  t o  ob ta in  values of cohesion (no load s t r eng th )  f o r  use i n  
analyzing the  s t a b i l i t y  of banks from a s t r eng th  standpoint .  I n  
t h e  l a t t e r  case,  the  test i s  genera l ly  appl icable  t o  h ighly  
p l a s t i c  s o i l s ,  but  i t  may be used f o r  o t h e r  s o i l s  where the  in-  
place s t r eng th  w i l l  s imulate u l t imate  f i e l d  condit ions.  

The qu t e s t  should not  be performed on those s o i l s  i n  which n a t u r a l  
planes of weakness are an inheren t  c h a r a c t e r i s t i c  of the  s o i l ,  
a s  exemplified by s t i f f ,  f i s su red  clay o r  s o i l s  having blocky 
o r  columnar s t r u c t u r a l  development. 



The e f f e c t s  of weathering should be considered i n  us ing  q test 
r e s u l t s  from samples taken at a depth which w i l l  l a t e r  beUunloaded 
and exposed t o  t h e  atmosphere -- both i n  an e r o s i o n a l  eva lua t ion  
and i n  a bank s t a b i l i t y  ana lys i s .  This  cons idera t ion  w i l l  be  a 
ma t t e r  of judgment and l o c a l  experience.  

D i r e c t  shea r  t e s t s .  Drained, d i r e c t  shea r  t e s t s  a r e  recommended 
f o r  determining the  s t r e n g t h  parameters f o r  u se  i n  t he  a n a l y s i s  of 
banks a g a i n s t  s l i d i n g  when t h e  e f f e c t  of pore water  p re s su re  is  
included a s  a s e p a r a t e  i tem. Cohesive and non-cohesive s o i l s  may 
be t e s t e d  i n  t h i s  manner. 

T r i a x i a l  s h e a r  t e s t s .  Consol idated,  undrained, t r iaxia l  shea r  
t e s t s  may be used, b u t  w i l l  gene ra l ly  no t  be requi red ,  f o r  s t r e n g t h  
parameters  un less  f r a c t u r e d  o r  s t r u c t u r a l l y  cleaved s o i l s  a r e  
involved. 

Consol idated,  undrained, t r i a x i a l  t e s t s  may b e  made without  pore 
p re s su re  measurements when pore p re s su res  which a r e  a n t i c i p a t e d  i n  
t he  f i e l d  can be  s imulated dur ing  t e s t i n g .  

When t r i a x i a l  shea r  t e s t s  a r e  used i n s t e a d  of  d i r e c t  shea r  tests and 
when pore pressures  a r e  considered s e p a r a t e l y  i n  t h e  s t a b i l i t y  analy- 
sis,  i t  w i l l  be  necessary t o  perform consol ida ted ,  dra ined  t e s t s  o r  
t o  perform consol ida ted ,  undrained t e s t s  wi th  pore p re s su re  measure- 
ments. 

Vane shea r  t e s t s .  The vane shea r  t e s t  i s  a f i e l d  t e s t  which i s  w e l l  
adapted t o  obta in ing  in-place shea r  s t r e n g t h  of s a t u r a t e d ,  p l a s t i c  
s o i l s  t h a t  do no t  conta in  grave l .  Shear s t r e n g t h  va lues  obtained 
by vane shea r  t e s t s  may be  used f o r  bank s t a b i l i t y  analyses .  This  
type of test is e s p e c i a l l y  app l i cab le  when s o i l s  a r e  s e n s i t i v e  and 
when i t  i s  d i f f i c u l t  t o  secure  and t r a n s p o r t  undisturbed samples. 
Vane t e s t s  should inc lude  r e s u l t s  on remolded s t r e n g t h  as w e l l  a s  
peak s t r eng th .  

Natura l  d ry  u n i t  weight and mois ture  content .  - - The n a t u r a l  d ry  u n i t  
weight and n a t u r a l  moisture content  should be recorded f o r  a l l  undis- 
turbed samples. These de termina t ions  can be made i n  conjunct ion wi th  
shear  test opera t ions .  Proper  i n t e r p r e t a t i o n s  of shea r  test r e s u l t s  
a r e  dependent upon d a t a  on v a r i a t i o n s  i n  n a t u r a l  dry u n i t  weight and 
m ~ i s t u r e  content .  

The e r o s i o n a l  r e s i s t a n c e  of many s o i l s ,  p a r t i c u l a r l y  those  which a r e  weakly 
coherent ,  i nc reases  as dry u n i t  weight (dens i ty )  increases .  The n a t u r a l  
( in-place)  dry  u n i t  weight of s o i l s  exposed i n  t h e  channel w i l l  provide 
va luable  guidance i n  t h e  review and eva lua t ion  of  t h e  performance of 
e x i s t i n g  channels func t ioning  under s i m i l a r  condi t ions  t o  a planned 
channel. 



Compaction (moisture-density r e l a t i o n s h i p ) .  - - The moisture-densicy 
r e l a t i o n s h i p  of s o i l s  ( fo r  a given compactive e f f o r t )  should b e  known 
be fo re  shea r  t e s t i n g  of d i s tu rbed  (borrow) m a t e r i a l s  can be i n s t i g a t e d  
o r  be fo re  f i e l d  c o n t r o l  of moisture and dens i ty  can be  maintained. 
Compaction and f i e l d  con t ro l  may be  necessary e i t h e r  (1)  t o  a s su re  
adequate d e n s i t y  and shea r  s t r e n g t h  i n  levee  o r  d i k e  f i l l s  o r  (2) t o  
i nc rease  the  e r o s i o n a l  r e s i s t a n c e  of  low d e n s i t y ,  weakly coherent 
s o i l s  which form t h e  bottoms and s i d e s  of channels.  

Compaction t e s t s  should be performed on d i s tu rbed  samples of s e l e c t e d  
r e p r e s e n t a t i v e  s o i l s  on which shea r  t e s t s  a r e  requi red  f o r  design and/ 
o r  f i e l d  c o n t r o l  of moisture and dens i ty  are requ i r ed  dur ing  construc- 
t i o n  opera t ions .  Compaction tests are a l s o  used t o  eva lua t e  co l l apse  
p o t e n t i a l  of s o i l s .  Most h igh ly  c o l l a p s i b l e  s o i l s  a r e  a l s o  gene ra l ly  
h igh ly  e ros ive .  

Permeabi l i ty .  - - In  those cases  where seepage from channel banks may 
be  a problem, t h e  permeabi l i ty  of n a t u r a l  materials may be requi red  
t o  cons t ruc t  flow n e t s  and t o  analyze seepage forces .  Permeabi l i ty  
t e s t s  should be performed on undisturbed m a t e r i a l s  which a r e  represent -  
a t i v e  of s o i l s  i n  t he  problem area .  

F i e l d  permeabi l i ty  t e s t s  w i l l  u sua l ly  be the  most e f f e c t i v e  means of  
determining permeabi l i ty  r a t e s  (a) i n  non-coherent s o i l s  which a r e  
d i f f i c u l t  t o  sample r e p r e s e n t a t i v e l y ,  handle and t r a n s p o r t  t o  t h e  
l abo ra to ry  and (b) i n  l e n t i c u l a r  and h igh ly  s t r a t i f i e d  s o i l s .  

Methods of  making f i e l d  permeabi l i ty  t e s t s  a r e  descr ibed  i n  NEK, 
Sec t ion  &I, Chapter 2;  Sec t ion  16?-/, Chapter 2 ;  Spec ia l  Pub l i ca t ion  
SP-SW-0262 of t h e  American Socie ty  of A g r i c u l t u r a l  ~ n ~ i n e e r d /  ; and 
t h e  Earth Manual, F i r s t  Ed i t i on ,  U. S. Bureau of  ~ e c l a m a t i o & / .  

A permeabi l i ty  t e s t  may a l s o  be  performed a s  a secondary and companion 
t e s t  t o  t h e  unconfined compression t e s t  when t h e  purpose of t he  l a t t e r  
i s  t o  provide va lues  f o r  use  i n  an e r o s i o n a l  ana lyses  of coherent  o r  
cemented soils?/ ( s ee  Chapter 6 ) .  The permeabi l i ty  t e s t  descr ibed 
h e r e a f t e r  i s  n o t  necessary when t h e  unconfined compression test i s  made 
f o r  t h e  purpose of providing va lues  f o r  a bank s t a b i l i t y  ana lys i s .  

A permeabi l i ty  test, a s  a companion t e s t  t o  t h e  unconfined compression 
t e s t ,  should be  performed i n  a f a l l i n g  head pemeameter  on undisturbed 
specimens having a r a t i o  of h e i g h t  t o  diameter equa l  t o  approximately 
two. As soon as c o n s i s t e n t  head readings a r e  obta ined ,  t h e  t e s t  should 
be d iscont inued;  t he  specimen should b e  removed from the  permeameter 
immediately and sub jec t ed  t o  an unconfined compression test t o  determine 
t h e  coherence of t h e  s a t u r a t e d  specimen. 



Dispersion. - - The terms d i s p e r s i v e  c l ay  o r  d i spe r s ion  r e f e r  t o  t he  
s t a b i l i t y  of s o i l  aggregates  when exposed t o  water .  Dispers ive  s o i l s  
a r e  h i g h l y  e ros ive .  When d ispersed  s o i l s  a r e  exposed t o  weathering,  
they are e a s i l y  d i s t i ngu i shed  by f i e l d  observat ion.  They tend t o  
mel t  down l i k e  sugar ,  develop land forms t h a t  resemble t y p i c a l  "bad- 
land" r e l i e f  (macro o r  micro) and form " s l i c k  spots t '  t h a t  a r e  gener- 
a l l y  b a r e  of vege ta t ion .  

There are s e v e r a l  t e s t s  t h a t  i d e n t i f y  d i s p e r s i v e  s o i l s .  

The f i e l d  "crumb" t e s t  i d e n t i f i e s  d i s p e r s i v e  s o i l s  by t h e  formation 
of a c o l l o i d a l  cloud around a small clod of moist s o i l  dropped i n t o  
d i s t i l l e d  water  o r  very  d i l u t e  sodium hydroxide. 

The l abo ra to ry  d i spe r s ion  t e s t  i d e n t i f i e s  most d i s p e r s i v e  s o i l s  by 
comparing the  amount of  0.005 mm. m a t e r i a l  i n  a suspension without  
de f loccu la t ing  chemicals t o  t h e  t o t a l  amount of 0.005 nun. m a t e r i a l  
determined by mechanical ana lys i s .  

The f i e l d  d i spe r s ion  t e s t  is  an abbreviated vers ion  of t h e  labora-  
t o r y  d i spe r s ion  t e s t  . 
Chemical t e s t s  i d e n t i f y  d i s p e r s i v e  s o i l s  by comparing t h e  amount of 
s o l u b l e  sodium and t h e  total .  s a l t  conten t  i n  t h e  s a t u r a t i o n  e x t r a c t  
o r  pore f l u i d  of  t he  s o i l .  

None of t hese  t e s t s  always c o r r e l a t e s  w i th  t h e  o t h e r s  o r  wi th  f i e l d  
performance. It i s  sometimes necessary  t o  run a l l  t e s t s  i n  o rde r  t o  
proper ly  eva lua t e  t he  adverse e f f e c t s  of d i s p e r s i v e  s o i l s .  

Whenever d i spe r s ion  is  suspec ted  i n  an a r e a ,  l abo ra to ry  t e s t s  should 
be run t o  v e r i f y  and eva lua t e  t he  problem. 

Soluble  s a l t s .  - - S o i l s  t h a t  conta in  cons iderable  so lub le  s a l t s ,  
p a r t i c u l a r l y  gypsum, a r e  h igh ly  e r o d i b l e  and may slough badly.  It 
appears t h a t  t h e  r e c r y s t a l l i z a t i o n  of gypsum and o t h e r  s a l t s  dur ing  
sedimentat ion r e s u l t s  i n  an  open, honeycombed s o f l  s t r u c t u r e  t h a t  may 
be compared t o  l o e s s i a l  materials. These s o i l s  have s u f f i c i e n t  s tab-  
i l i t y  t o  s t and  on v e r t i c a l  banks a s  long as they a r e  d ry ,  b u t  they 
slough and erode r ap id ly  when exposed t o  moisture.  Sodium s a l t s  have 
a d i s p e r s i v e  e f f e c t  on s o i l s  and gene ra l ly  i nc rease  t h e  e r o d i b i l i t y  
of s o i l s .  Although h igh  s o l u b l e  sal t  content  i n  s o l l s  tend t o  keep 
t h e  s o i l  i n  a f l occu la t ed  o r  aggregated ( e ros ion  r e s i s t a n t )  state, 
these  salts would genera l ly  be removed o r  leached back i n t o  channel 



banks during high flows, poss ib ly  leaving a def loccula ted ,  d ispersed ,  
e rodible  su r face  l aye r .  I n  a r i d  and semi-arid regions, the  so luble  
s a l t  content ,may be determined f o r  representa t ive  samples, even though 
r e s u l t s  of t h i s  t e s t  cannot be used q u a n t i t a t i v e l y  a t  present .  

Linear  shrinkage. - - Coherent s o i l s  which have l i n e a r  shrinkage 
f a c t o r s  i n  the  range of ten  percent  o r  more a r e  genera l ly  sub jec t  t o  
considerable dens i ty  and s t r eng th  changes with v a r i a t i o n s  i n  moisture 
content,  Resul ts  from l i n e a r  shrinkage tests on coherent s o i l s  serve  
a s  ind ica to r s  of p o t e n t i a l  problems r e l a t e d  t o  bank s t a b i l i t y .  

F ie ld  Sample and T e s  t Specimen Requirements 

The quant i ty  of ma te r i a l s  needed f o r  t e s t i n g  depends pr imar i ly  on such 
f a c t o r s  a s  (1) number, type and purpose of tests t o  be performed, (2) 
p a r t i c l e  s i z e  c h a r a c t e r i s t i c s  of the  ma te r i a l ,  and (3)  homogeneity of 
the  n a t u r a l  ma te r i a l s ,  p a r t i c u l a r l y  when undisturbed specimens a r e  t o  
be  tes ted .  The minimum number of t e s t  specimens f o r  one t e s t  is  given 
below: 

Unconfined compression 1 
Direct  shear  3 
T r i a x i a l  shear  3 
Permeability 1 

It i s  suggested t h a t  undisturbed samples be  l a r g e  enough s o  t h a t  an 
add i t iona l  test specimen w i l l  be ava i l ab le  a s  a spare. I n  the  case 
of smal l  diameter tube samples, dupl ica te  sampling should be obtained. 

Sample s i z e s  and specimen requirements f o r  t e s t i n g  of s o i l s  from channel 
p r o j e c t s  a r e  given i n  Table 3-3 (Disturbed Samples) and 3-4 (Undisturbed 
Samples). The specimen s i z e s  given i n  Table 3-4 a r e  those which a r e  
a c t u a l l y  required f o r  t e s t i n g ;  these  s i z e s  do no t  include allowances 
f o r  trimming. 



Table 3-3 

Minimum S ize  of Disturbed Samples 

Required f o r  Tes t ing  Purposes 

Tes t  

I 

Mechanical a n a l y s i s ,  
l i q u i d  l i m i t ,  p l a s t i c  
l i m i t ,  s p e c i f i c  
g r a v i t y ,  d i spe r s ion ,  
s o l u b l e  s a l t s ,  l i n e a r  
shr inkage  

Maximum 
S ize  t o  

be  
Included 

i n  
Samples 

3 in. 

I Compaction and I 
3 in. 

v 

Gradat ion C h a r a c t e r i s t i c s  
of Natura l  Ma te r i a l  

90-100% 
Pass ing  
#4 Sieve 

25 l b .  

50-90% 
Passing 
84 Sieve 

10 l b .  11 - 

40 l b .  
n a t u r a l  
m a t e r i a l  

Pass ing  

11 Provide e s t ima te s  of t h e  percent  of  overs ized  m a t e r i a l  (p lus  - 
3 i nch  s i z e )  excluded from samples shipped t o  labora tory .  

2/ For ty  pounds of t hese  materials w i l l  b e  adequate f o r  a l l  - 
app l i cab le  tests. 



Table 3-4 

Minimum Specimen Requirements (A£ t e r  

Trimming) f o r  Tes t ing  Undisturbed Samples 

Maximum P a r t i c l e  S i ze  

/ No. 4 s i e v e  (4.76 mm.) - 21 

T r i a x i a l  s h e a r  1.4" d i a ,  x  3" long 

Di rec t  s h e a r  

I Permeabi l i ty  1 2" d i a .  I 

Tes t  11 - 

Unconfined compression 

2.0" x 2.0" x 1" t h i c k  

S ize  of Specimen 

1.4" d i a .  x 3" I m g  

I 
Permeabi l i ty  s 6.0" d ia .  

11 Table 3-3 g ives  the s i z e s  of  m a t e r i a l s  which a r e  requi red  f o r  mechanical - 
a n a l y s i s ,  l i q u i d  l i m i t ,  p l a s t i c  l i m i t ,  s p e c i f i c  g r a v i t y ,  d i spe r s ion ,  
s o l u b l e  salts and l i n e a r  shr inkage.  I f  undisturbed samples a r e  n o t  
l a r g e  enough t o  meet th&se  requirements ,  d i s tu rbed  samples of t he  s i z e s  
i n d i c a t e d  should be taken a t  t h e  same e l e v a t i o n  from an adjacent  ho le  
t o  r ep re sen t  t he  undisturbed materials. 

2.8" d i a .  x 6 .Or' long 

2.8" d i a .  x 6.0" long 

4.0" d i a .  

4.0" d i a .  x 8.0" long 

6.0" d i a .  

6 .Or' d i a .  x 12 .OH long 

112 inch  21  - 

1 inch  - 2/ 

1 112 inches 

21 I f  m a t e r i a l s  have s c a t t e r e d  p a r t i c l e s  l a r g e r  than t h e  s i z e s  shown, i t  - 
may s t i l l  be poss ib l e  t o  t r i m  t hese  t e s t  specimens wi thout  going t o  a 
l a r g e r  specimen f i ze . 

1 

Unconfined 'compression 

T r i a x i a l  s h e a r  

Permeabi l i ty  

T r i a x i a l  s h e a r  

Permeabi l i ty  

T r i a x i a l  s h e a r  





Appendix t o  Chapter 3 

OUTLINE TO PLAN SITE INVESTIGATIONS AM) PREPARE 

RePORTS FOR CHANNEL IMPROVEMENTS 

I. In t roduc t ion  

A. I n v e s t i g a t i o n a l  cons ide ra t ions  

1. Channel improvements may b e  many m i l e s  i n  length .  

2. Depths t o  channel bottom a r e  shal low,  u sua l ly  less than  

20 f e e t .  

3.  Cor re l a t ion  is necessary  t o  p r e d i c t  presence of boundary 

m a t e r i a l s  between h o l e s  t o  avoid inadequate  design. 

4.  An understanding of t he  geomorphology of a l l u v i a l  depos i t s  

and t h e  i d e n t i f i c a t i o n  of  s t r a t i g r a p h i c  u n i t s  a t  each s i t e  

a r e  necessary f o r  c o r r e l a t i o n  of depos i t s  w i t h  s i m i l a r  

e r o d i b i l i t y .  

B. De f in i t i on  of a s t r a t i g r a p h i c  u n i t  

A s t r a t i g r a p h i c  u n i t  is  def ined  i n  t h i s  i n s t ance  a s  an i d e n t i f i a b l e  

s t r a tum of  alluvium o r  o t h e r  s o i l  m a t e r i a l  whose s u s c e p t i b i l i t y  

t o  e r o s i o n  i s  a  r e f l e c t i o n  of t he  o r i g i n a l  materials, mode of 

accumulation and the  changes t h a t  have occurred s i n c e  depos i t i on  

o r  s o i l  formation. 

11. Geomorpholow of depos i t s  

A. S ign i f i cance  of t h e  s t r a t i g r a p h i c  u n i t  and 

f a c t o r s  t h a t  a f f e c t  t he  c h a r a c t e r i s t i c s  and e r o d i b i l i t y  o r  

r e s i s t a n c e  of s t r a t i g r a p h i c  u n i t s .  

1. The c h a r a c t e r i s t i c s  of  t h e  o r i g i n a l  d e p o s i t s .  

2. Age of  t he  depos i t  . 
3. The environment s i n c e  deposi  t&on. 



B. I d e n t i f i c a t i o n  of s t r a t i g r a p h i c  u n i t s  

1. Primary i d e n t i f y i n g  c h a r a c t e r i s t i c s  a r e  c o l o r ,  p a r t i c l e  

s i z e ,  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  p l a s t i c i t y ,  cementation, 

d e n s i t y ,  d i spe r s ion ,  s t r u c t u r e ,  and th ickness .  

2. A s t r a t i g r a p h i c  u n i t  occupies  t he  same p o s i t i o n  r e l a t i v e  

t o  o t h e r  beds i n  a  sequence. 

3.  A s t r a t i g r a p h i c  u n i t  u sua l ly  occupies  t h e  same p o s i t i o n  

ac ros s  t he  v a l l e y  a s  i t  does near  t h e  p re sen t  channel. 

C. Geomorphic h i s t o r y  determines the  e ros ion  r e s i s t a n c e  of s t r a t i -  

g raphic  u n i t s  

1. The p a r t i c l e  s i z e  d i s t r i b u t i o n  and t e x t u r e  of t he  depos i t  

a r e  t he  primary determinantsof  e r o s i o n  r e s i s t a n c e  i n i t i a l l y .  

2. Changes i n  t he  cha rac t e r  of t he  m a t e r i a l  occur  wi th  time 

such as: 

a. The movement downward of f i n e  p a r t i c l e s .  

b . Weathering. 

c. Consol idat ion by overburden, a l t e r n a t e  wet t ing  and dry ing ,  

des i cca t ion ,  e t c .  

d. Cementation. 

e. The accumulation of  humus . 
3. The geomorphic h i s t o r y  r e s u l t s  i n  a c h a r a c t e r i s t i c  e r o s i o n  

r e s i s t a n c e  f o r  each s t r a t i g r a p h i c  u n i t .  

4 .  The u n i t  may c o n s i s t  o f  i nd iv idua l  p a r t i c l e s  without  

connecting bonds . 



3.1- 3 

a. A g r a i n  s i z e  ( a s  D50, D~c, ,  DT5) i s  t h e  q u a n t i t a t i v e  

i d e n t i f i e r  of e ros ion  r e s i s t a n c e .  

b. Disturbance does not  a f  f e c t  t h e  e r o s i o n  r e s i s t ance .  

5. The k n i t  may c o n s i s t  of p a r t i c l e s  t h a t  cohere o r  t h a t  do 

have a connecting bond. 

a .  The degree of coherence i s  s t r o n g l y  a f f e c t e d  by t h e  

geomorphic h i s  t o r y ,  

b .  Disturbance des t roys  some of t h e  a f f e c t s  of geomorphic 

h i s t o r y  on the  u n i t ' s  e r o s i o n  r e s i s t a n c e .  

D. D i s c o n t i n u i t i e s  i n  s t r a t i g r a p h i c  u n i t s  

1. The s t r a t i g r a p h i c  u n i t  may completely d isappear  from one 

test ho le  s i te  t o  another .  This is i d e n t i f i e d  a s  a  

d i s c o n t i n u i t y  . 
2. The s t r a t i g r a p h i c  u n i t  may be  i n t e r r u p t e d  by e ros ion  and 

rep laced  by d i f f e r e n t  ma te r i a l s .  This  i s  a l s o  i d e n t i f i e d  

as a d i scon t inu i ty .  

3.  The s t r a t i g r a p h i c  u n i t  may l o c a l l y  t h i n  o r  thicken.  This  

i s  a v a r i a t i o n  w i t h i n  a continuous u n i t ,  not a  d i scon t inu i ty .  

E. S t r a t i g r a p h i c  u n i t s  wi thout  i n t e r n a l  con t inu i ty  

1. Some s t r a t i g r a p h i c  u n i t s  vary widely i n  g r a i n  s i z e  and o t h e r  

c h a r a c t e r i s t i c s  w i t h i n  a s h o r t  d i s t ance .  

2. Such v a r i a t i o n s  cannot be c o r r e l a t e d  between one test ho le  

and another .  

3.  Such u n i t s  a r e  i d e n t i f i e d  a s  l ack ing  i n t e r n a l  con t inu i ty .  



Data requirements and observa t ions  pre l iminary  t o  si te i n v e s t i g a t i o n  

A. Data requirements p r i o r  t o  i n v e s t i g a t i o n s  

1. Longitudinal  p r o f i l e  of channel reaches t o  be  improved and 

inc ludes  : 

Survey s t a t i o n i n g  and p r o f i l e s  of e x i s t i n g  and proposed 

channel i n v e r t  (bottom) and top  of bank 

2. Flood p l a i n  map t o  inc lude :  

a. E x i s t i n g  channel. 

b . Proposed channel 

c. Survey base l i n e .  

3 .  When t o  eva lua t e  s t a b i l i t y  of  e x i s t i n g  channels p r i o r  t o  

f i e l d  i n v e s t i g a t i o n s .  

a. Capacity,  s l o p e ,  frequency at  bank f u l l ,  and o t h e r  

hydrau l i c  measurements a r e  s i m i l a r  t o  proposed 

improvement . 
b. Channel boundary s o i l s  a r e  exposed t o  hydrau l i c  forces .  

c. S t a b i l i t y  of channel under s p e c i f i e d  f lood  d ischarges  

and f requencies  can be i d e n t i f i e d .  

d.  Water t a b l e  f l u c t u a t i o n s  a f f e c t  bank s t a b i l i t y .  

B. Reconnaissance of s i t e  f o r  channel modi f ica t ions  

1. Inspec t  s o i l s  t o  and below proposed channel i n v e r t  l e v e l .  

Study exposures along s t ream banks and in stream bed. Sup- 

plement by t e s t  p i t s  o r  bor ings  where necessary.  

2. I n t e r p r e t  geomorphology, t e n t a t i v e l y  i d e n t i f y  s t r a t i g r a p h i c  

u n i t s .  Geologic, s o i l  survey and topographic maps a r e  very 

u s e f u l  f o r  s tudy  pre l iminary  t o  t h e  i n v e s t i g a t i o n .  



3.1-5 

3. I d e n t i f y  p l aces  of observa t ion  on l o n g i t u d i n a l  p r o f i l e .  

4 .  Prepare  t e n t a t i v e  s t r a t i g r a p h i c  u n i t  d e l i n e a t i o n  on p r o f i l e  

from observat ions made above. 

I V .  S i t e  i n v e s t i g a t i o n s  

A. Determine t h e  n a t u r e  and i n t e n s i t y  of s i te  inves t iga t ions .  

Fac tors  t h a t  a f f e c t  t h e  i n t e n s i t y  of s i te  i n v e s t i g a t i o n s :  

1. S i t e  l i m i t a t i o n s  may r e q u i r e  channel l i n i n g  independent of  

s o i l  c h a r a c t e r i s t i c s .  I n v e s t i g a t i o n s  l i m i t e d  t o  determina- 

t i o n  of s i t e  p repa ra t ion  and cons t ruc t ion  problems. 

2. A p o t e n t i a l  high hazard t o  l i f e  and proper ty  can r e q u i r e  

a c l o s e r  spacing of t e s t  h o l e s ,  more i n t e n s i v e  s o i l  sam- 

p l i n g  and t e s t i n g  than  a low hazard s i te .  

3.  A complex geomorphology w i l l  r e q u i r e  a c l o s e r  spacing of  

t e s t  h o l e s ,  more sampling and t e s t i n g  than a s i t e  w i th  few 

s t r a t i g r a p h i c  u n i t s  t h a t  a r e  continuous. 

4 .  Environmental cons idera t ions .  

B. Locat ion of s i t e s  f o r  logging and sampling 

1. Evaluate  information obtained under I tem A above. 

2 .  Determine the  sample types t o  be  obtained 

a .  For any s p e c i f i c  reach ,  cons ider  whether coherent s o i l s  

w i l l  be  exposed a t  t h e  toe and/or lower bank. 

b. I f  t h e  answer under 2a  i s  a£ f i r m a t i v e ,  p l an  undisturbed 

s o i l  sampling of t h i s  and over ly ing  coherent  s t r a t i g r a -  

ph ic  u n i t s .  

\ 



c. I f  t he  answer under 2a i s  nega t ive ,  p l an  d i s tu rbed  s o i l  

sampling of t h i s  and over ly ing  s t r a t i g r a p h i c  u n i t s ,  

whatever t h e  c h a r a c t e r i s t i c s  of t h e  l a t t e r .  

C. S e l e c t  equipment f o r  logging and sampling 

1. Choose backhoe o r  d rag l ine  f o r  s i t e  i n v e s t i g a t i o n s  where 

p o s s i b l e  and i f  water  t a b l e  i s  below i n v e r t .  

2. Choose d r i l l i n g  equipment i f  depth i s  g r e a t e r  than p r a c t i -  

c a l  f o r  excavat ion equipment, because of h igh  water  t a b l e ,  

o r  i f  in-place observa t ions  a r e  unnecessary o r  impossible .  

3.  S e l e c t  appropr ia te  equipment and con ta ine r s  f o r  undisturbed 

samples. 

D. Data requirements a t  t e s t  ho le s  

1. Log t e s t  ho le s  (A suggested worksheet i s  included a s  Figure 

3-3 of Chapter 3 ( rev ised)  TR-25) t o  depths of a t  l e a s t  

t h ree  f e e t  below i n v e r t .  

a.  Log t e s t  ho le s  by s t r a t i g r a p h i c  u n i t s .  

b. Log appearance and condi t ion  i n  accord wi th  ASTM D-2488 

(Unif ied S o i l  C l a s s i f i c a t i o n  System). 

2. I d e n t i f y  e l e v a t i o n  of water  t a b l e  i f  encountered. 

3 .  Record r e s u l t s  of f i e l d  t e s t s .  

4. Obtain r ep re sen ta t ive  samples of s t r a t i g r a p h i c  u n i t s .  

Sampling i n  undisturbed o r  d i s tu rbed  s t a t e  depends on 

determinat ions under I V  B 2 above. 
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5. Supplement t o  s i t e  i n v e s t i g a t i o n s  plan.  

A break i n  con t inu i ty  of s t r a t i g r a p h i c  u n i t s ,  changes i n  

d i s p e r s i o n  t e s t  r e s u l t s  o r  o t h e r  s i g n i f i c a n t  changes i n  

s o i l  c h a r a c t e r i s t i c s  between t e s t  h o l e s  r equ i r e s  an addi- 

t i o n a l  ho le  o r  ho le s  t o  d e l i n e a t e  changes. 

F. Determine a v a i l a b i l i t y  of bed m a t e r i a l  

1. Sand o r  g rave l  can aggrade an improved channel. 

2 .  The hazard t o  t h e  improved channel depends on whether ex- 

pec ted  flows w i l l :  

a. Exceed t h e  al lowable t r a c t i v e  f o r c e  f o r  t h e  charac- 

teris t i c  g r a i n  s i z e s .  

b. The supply of  bed m a t e r i a l  i s  s u f f i c i e n t  t o  cause aggra- 

da t ion  problems. 

3 ,  Measure o r  e s t ima te  depth of bed m a t e r i a l  i n  reach t o  be 

improved and i n  channel upstream. Note i f  bottom cannot 

be  reached. 

4. Obtain r e p r e s e n t a t i v e  bed-mater ial  samples f o r  determinat ion 

of s i z e  d i s t r i b u t i o n .  

G. Define " c l e a r  water" o r  "sediment load" flow condi t ion  where 

requi red .  

1. Evalua t ion  of channel s t a b i l i t y  (al lowable v e l o c i t y  o r  c r i t -  

i c a l  t r a c t i v e  force)  may depend on how flow i s  c l a s s i f i e d .  



2.  For appropr ia te  c l a s s i f i c a t i o n  cons ider :  

a .  Suspended sediment load  records  i n  t h e  a r ea .  

b .  Seve r i ty  of e ros ion  i n  t h e  watershed.  

c. Reservoirs  o r  d t h e r  s t r u c t u r e s  a f f e c t i n g  sediment load .  

V. S i t e  i n v e s t i g a t i o n  r e p o r t  

A. Organizat ion of f i e l d  d a t a  

1. Adjust  l o n g i t u d i n a l  p r o f i l e  of s t r a t i g r a p h i c  u n i t s  prepared 

i n  t e n t a t i v e  form a s  i nd ica t ed  i n  I t e m  111 B 4 t o  r e f l e c t  

more d e t a i l e d  observa t ions  under I V ,  S i t e  Inves t iga t ions .  

2. a t t a c h  logs  of t e s t  ho le s  and r e s u l t s  of f i e l d  tests. 

B. Report on f ind ings  

Prepare  b r i e f  s ta tement  on s i t e  geomorphology t o  support  

d e l i n e a t i o n s  on l o n g i t u d i n a l  p r o f i l e  . 
Prepare  b r i e f  s ta tement  concerning f ind ings  under I V  F. - 

a v a i l a b i l i t y  of bed ma te r i a l .  

Prepare  b r i e f  s ta tement  on f ind ings  under W . G .  - "c lear  water" 

o r  "sediment load" flow condi t ions .  

V I .  F i e l d  and l abo ra to ry  s o i l  t e s t i n g  

A. F i e l d  t e s t i n g  

1, In-place dens i ty  

2. In-place moisture content  

3.  Vane shea r  

4. Permeabi l i ty  

5. Dispersion of c lay  s o i l s  - Crumb t e s t  



B. Laboratory t e s t i n g  

1. Index tests 

a .  C lass i f i ca t ion  

(1 )  Mechanical analys is  

(2 )  Liquid l i m i t  

(3 )  P l a s t i c  l i m i t  

b .  Speci f ic  gravi ty  

c. Compaction 

2. Engineering proper t ies  tests 

a. Strength 

(1) Unconfined compress ion  

(2)  Direct shear 

(3)  T r i a x i a l  shear  

b.  Permeability 

3.  Other t e s t s  

a. Shrink-swell 

(1) Shrinkage l i m i t  

(2)  COLE 

(3)  Linear shrinkage 

(4 )  Free swel l  

b. Soluble s a l t s  

c.  Base exchange 

d. Dry u n i t  weight - n a t u r a l  moisture 

e .  Dispersion 

(1) Laboratory d ispers ion t e s t  



(2)  Crumb test 

(3) Chemical tests 




